A case control study of the carpal tunnel syndrome with special reference to vitamin B6 status. by Turner, James P.
A CASE CONTROL STUDY OF THE CARPAL TUNNEL SYNDROME 
WITH SPECIAL REFERENCE TO VITAMIN B6 STATUS
By James P. Turner BSc
Supervisors: 
Dr. P.W. Buckle 
Dr. D.A. Stubbs
A thesis submitted, to the University o f Surrey 
for the Degree o f Doctor of Philosophy
1989
ProQuest Number: 10804568
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10804568
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
© James Turner 1989
Summary
Carpal tunnel syndrome (CTS) is a condition characterised by a collection of signs and 
symptoms indicative of focal median nerve dysfunction within the anatomical confines of 
the carpal tunnel at the wrist.
The syndrome appears to be multifactorial in its aetiology. It has been asociated with 
certain systemic disorders, (e.g. Diabetes Mellitus, Acromegaly), factors related 
specifically to the movements and actions of the wrists and hands, (e.g., repetitive manual 
work, prolonged pinching and grasping and the use of vibratory hand held tools) and other 
conditions or characteristics which are systemic in nature but do not necessarily represent 
diseases (e.g. pregnancy, side effects to certain drugs).
Recent reports suggest that vitamin B6 deficiency might play a role in the development of 
CTS.
A review of the literature has shown there to be a paucity of analytical epidemiological 
data concerning these hypothesized risk factors.
A study was therefore undertaken to investigate the association between a set of risk 
factors identified in the literature, (including low vitamin B6 status) and CTS. The study 
design selected was that of a pair matched case-control study. In this way, associations 
between aspects of CTS, aspects of vitamin B6 status and other hypothesized risk factors 
were examined.
Thirty four cases were identified (electrophysiologically) and these were matched (for sex 
and age ± 3 years) with controls attending physiotherapy departments for accidental 
injuries involving the lower half of the body. Data were collected at interview, 
examination, and using a self administered questionnaire. Venous blood samples were also 
obtained from 32 cases and 20 controls.
Vitamin B6 status was assessed using an enzyme stimulation assay, (Erythrocyte 
Glutamate Oxaloacetic Transaminase orEGOT).
No statistically significant differences between the cases and controls regarding any 
aspects of vitamin B6 status were evident. These findings were confirmed by comparison 
with a group of fifty healthy volunteer subjects, (university staff).
The need for further elucidation regarding the possible role of vitamin B6 in the treatment 
is highlighted.
Cases statistically outnumbered controls with respect to the performance of repetitive 
manual work (p=0.019; exposure odds ratio = 5.0) and participation in leisure pursuits 
(p=0.03; exposure odds ratio = 2.75) involving the use of the hands. This supports the 
findings of other studies reported in the literature.
The cases reported significantly more oedema (p=0.04; exposure odds ratio 3.0) and 
stiffness, (p=0.001) than the controls. A significant impairment in the range of movement 
of the index finger was noted. Certain of these symptoms have been reported to occur in 
groups of CTS sufferers and improve upon vitamin B6 therapy.
The implications of these and other findings are discussed in the light of the current 
knowledge of the many hypothesized risk factors.
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"I know why so many people like chopping 
wood. In this activity one immediately sees 
the results."
Albert Einstein
1 Introduction and Literature Review
1.1 Introduction
In recent years, much attention has been paid to the spectrum of work related disorders 
affecting the upper limb. They include conditions such as tenosynovitis, tendinitis, 
epicondylitis, carpal tunnel syndrome, bursitis and vibration white finger to name but a 
few. Blanket terms such as ’Repetition Strain Injuiy’, ’Cumulative Trauma Disorders’ and 
’Occupational Cervicobrachial Disorders’ have been used to describe them. Unfortunately 
this approach implies an unproven aetiology and tends to over simplify the complexities 
of the underlying disorders.
This literature review centres on just one of these disorders, namely Carpal Tunnel 
Syndrome or CTS, a condition affecting the median nerve in the carpal tunnel of the hand. 
The symptoms include tingling, numbness and pain in the hands, wrist and fingers. 
Ultimately the hand may be so badly affected that it is of little use.
Although there is a growing body of evidence suggesting that there are strong associations 
between certain occupational factors and this disorder, it must be stressed that it does not 
occur exclusively in occupational settings. A number of other potential risk factors have 
been identified which must also be considered. Little is known about some of these other 
factors and there is consequently a need to quantify the risk attributable to them.
Potential risk factors identified in the literature may be discussed in three groups. Firstly 
there are clinically diagnosable systemic diseases and disorders, for example: renal failure, 
hypothyroidism and diabetes mellitus. Secondly there are other conditions which are again 
systemic in nature but do not represent disease states, including pregancy, menopause, side 
effects to medications. Thirdly there are factors which are specifically related to the 
anatomy and biomechanics of the wrist and hand, these include: work related factors, 
fractures of the wrist and acute episodes of inflammation of tissues of the wrist and hand.
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Vitamin B6 has been reported as a therapy for CTS. The possibility of treating CTS 
patients with the vitamin has exciting implications, removing the need for more radical 
interventions such as surgery. It is suggested that patients who respond to this treatment are 
vitamin B6 deficient. However, there is a lack of good scientific evidence proving that 
patients who respond to this treatment are actually vitamin B6 deficient. No attempt has 
been made so far to quantify the risk associated with vitamin B6 deficiency as it relates to 
CTS.
This literature review attempts to explain what CTS is and in addition provide details 
concerning its diagnosis. Information concerning the pathophysiology of the the syndrome 
is then presented.
Available data from official sources together with information from research studies give a 
rough indication of the scope of the problem in the UK. This is not only gauged in terms of 
human suffering but also financial losses. Particular areas of concern, including occupation 
are discussed.
Potential risk factors identified in the literature are discussed and particular attention is 
paid to the possible role of vitamin B6 deficiency. A brief resume of evidence for and 
against an association is presented. Additional information relating to the metabolism of 
the vitamin as it relates to other hypothesized risk factors for CTS is detailed.
Finally, analytical epidemiological studies focussing on CTS are discussed.
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1.2. What is Carpal Tunnel Syndrome?
Definition: Carpal tunnel syndrome, or *CTS’, may be defined as a specific set o f signs 
and symptoms indicative of focal median nerve dysfunction within the anatomical confines 
of the carpal tunnel.
Before elaborating upon the symptoms, the anatomy of the carpal tunnel and the musculo­
cutaneous distribution of the median nerve, (distal to the wrist), are described below.
1.2.1. Anatomy of the Carpal Tunnel
At the wrist, the median nerve and the flexor tendons of the fingers and thumb are 
collectively surrounded by the structures which form the walls of the carpal ’tunnel’ or 
’canal’. As illustrated in figure 1.1, the borders of the carpal tunnel consist of the carpal 
bones of the hand roofed by the transverse carpal ligament. The flexor tendons of the 
fingers, (eight in all), are enclosed in a common tendon sheath.
Before entering the carpal tunnel, the median nerve gives off the palmar cutaneous branch, 
(which innervates the skin over the thenar eminence). On re-emerging, it gives off an 
important motor branch which supplies the abductor pollicis brevis, opponens pollicis and 
flexor pollicis brevis muscles, (figure 1.2). Five digital cutaneous branches are responsible 
for the sensory innervation of the palmar aspect of digits I to HI and the radial side of digit 
IV, (figure 1.3). The digital branch to the lateral side of the index finger also innervates the 
first lumbrical muscle, and sometimes the first dorsal interosseous too. The second 
lumbrical muscle is innervated by the digital branches to the adjacent sides of the middle 
and ring fingers.
1.2.2 Symptoms of CTS
Most of the symptoms are restricted to the median nerve distribution outlined above. They 
may be grouped in terms of sensory and motor impairment.
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Flexor tendens of 
the fingers and thumb
Hamate
Trapezium
Hypothenar 
muscle group
Flexor 
retinaculum 
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transverse 
carpal ligament
Median Flexor Thenar First
nerve carpi muscle metacarpal
radialis group
Figure 1.1 Cross section of the carpal tunnel showing the carpal 
bones, transverse carpal ligament, flexor tendons and 
the median nerve.
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thenar eminence 
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opponens pollicis
Median nerve
Figure 1.3 Areas of the hand innervated by the median nerve,
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Sensory Impairment
Sensory phenomena experienced by CTS sufferers include paresthesia, (i.e. tingling or 
’pins and needles’), numbness and pain in the wrist, hand and palmar aspects of the 
fingers. The paraesthesia and numbness tends to be restricted to the areas of the hand 
innervated by the sensory fibres of the median nerve, (see figure 1.3). Characteristically 
the palmar surfaces of digits I to HI and the radial side of digit IV are affected as well as 
parts of the palm. There may be some variation in the precise areas innervated by the 
median nerve as Sunderland (1978) points out. Symptoms may be restricted to the finger 
tips or may in addition include parts of the ulnar nerve distribution. Patients may report 
aching across the wrist.
Motor Impairment
Manifestations of motor impairment tend to appear later. They are due to the wasting 
and/or atrophy of the muscles of the hand which are innervated by the median nerve. The 
most prominent of these are found at the base of the thumb, (figure 1.2). Abductor pollicis 
brevis is innervated almost exclusively by the median nerve whereas some of the other 
thenar muscles have dual innervation from the median and ulnar nerves. Wasting of the 
muscles of the thenar eminence may thus be indicative of median nerve damage. Pinch 
strength may be reduced.
Other Characteristics of CTS
«
In addition symptoms may be experienced in areas proximal to the wrist. Evidence that 
this is a result of median nerve compression at the wrist is provided by Cherington (1974). 
Forty nine patients all of whom experienced proximal symptoms underwent surgery. In 46, 
the proximal symptoms disappeared following surgical correction. However, other upper 
limb disorders can produce symptoms similar to CTS and also affect more proximal areas. 
When attempting to make a diagnosis, a knowledge of these other disorders (e.g. pronator 
teres syndrome, cervical rib compression), is crucial.
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Symptoms may appear to be more severe at particular times - patients often remark that 
they are woken up at night or in the early hours of the morning. Women may notice that 
symptoms are worse premenstrually, (Dalton 1984). The use of the hands may aggravate 
symptoms. Reports of clumsiness and ’dropping things’ are quite common.
If unilateral, the syndrome generally affects the dominant hand. If bilateral the dominant 
hand is usually affected more severely, (Reinstein 1981).
Stiffness may be experienced upon flexion of the fingers, a phenomenon which appears to 
be more severe in the morning on waking. This and other symptoms have been reported by 
Ellis and his colleagues (Ellis 1976; Ellis et al, 1979; Folkers et al, 1978), who list a 
number of symptoms occuring in their series of patients who were thought to be vitamin 
B6 deficient. It is currently unclear whether all these symptoms occur with the same 
frequency in other groups of CTS patients.
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1.2.3. Diagnosing CTS
For a patient to be diagnosed as suffering from CTS, two important features must be 
present. Firstly, they must be experiencing symptoms consistent with a diagnosis of CTS. 
Secondly it must be shown that it is the section of the median nerve which lies within the 
carpal tunnel that is affected. Although the symptoms have been described earlier, it 
should be remembered that they are not always this well defined. In addition, there are a 
number of other upper limb disorders which may produce symptoms similar to CTS. Some 
of these are listed in table 1.1:
Table 1.1: Conditions with Symptoms Similar to CTS:
1. Conditions resulting from localised damage to specific areas of:
- The Spinal Cord
e.g. Spinal Cord Tumours 
Syringomyelia
- The Cervical Roots
e.g. Cervical Disc Degeneration 
Spondylosis
- The Brachial Plexus
e.g. Cervical Rib Syndrome
Thoracic Outlet Syndrome 
Lesions of the Brachial Plexus
- The Median Nerve
e.g. Pronator Teres Syndrome
Entrapment under the ligament of Struthers
- The Digital Nerves
e.g. Lesions of the Digital Nerves
2. Polyneuropathies
3. Conditions resulting from Anatomical Anomalies:
e.g. Ulnar nerve compression in Guyons Canal 
with the Martin - Gruber anastomosis
Damage to the spinal cord, cervical roots, brachial plexus or median nerve proximal to the 
wrist may occur. It is important to recognise how such conditions may arise and how to 
eliminate them when making a diagnosis of CTS, (see Appendix I for more details of 
these).
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Specificity and Sensitivity
To obtain an indication of the validity of a measurement, it is necessary to calculate some 
kind of quantitative index. For a discrete, binary variable, (for example, the classification 
of an individual as either diseased or non-diseased), there are two separate aspects of 
measurement accuracy: namely sensitivity and specificity, (table 1.2).
With respect to the validity of diagnostic tests, sensitivity and specificity may be defined as 
follows:
Definition: Sensitivity is a measure o f the probability of correctly identifying a diseased 
individual using a particular screening test.
Definition: Specificity is a measure of correctly identifying a non-diseased individual 
correctly using a particular screening test.
Both are usually expressed as a percentage:
Table 1.2 : Definitions of Sensitivity and Specificity
True Classification 
Present Absent
Imperfect
Classification
1
Present 1 
1
1
a 1 
1
1
b 1 
1
1
Absent 1 
1
c 1 
1
1
d 1 
1
a + c b + d
Sensitivity (%)= a ! {a + c) x 100
Specificity (%)= d/ ( b  + d)x  100
False negative rate = c /  (a + c)
False positive rate = b/ ( b  + d)
(From Kelsey et al, 1986)
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Diagnostic Signs and Tests
There have been very few controlled studies which have examined the validity of the tests 
reported in the literature. The basis for use of many such tests is therefore weak. The 
diagnostic capabilities of tests reported in the literature vary widely, (table 1.3 and table 
1.4).
For the purposes of discussion they may be grouped under two general headings. Firstly 
there are those which require a specific effect or ’sign’ to be elicited, (i.e either a positive 
or negative result is recorded). Secondly there are those tests which attempt to quantify the 
level of impairment of the affected nerve, (e.g. electrophysiological tests).
It is important to emphasize that currently only electrophysiological methods are capable 
of demonstrating that the affected section of nerve is localised within the confines of the 
carpal tunnel. Other tests give an can give an indication of nerve function but a positive 
result may be the result of disorders other than CTS.
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Table 1.3: The Diagnostic Capabilities of Various Non-Electrophysiological Tests:
Test Sensitivity
(%)
Specificity
(%)
Author (Year)
Tinel Sign 44 94 Gellman et al, (1986)
45 71 Stewart & Eisen, (1978)
26 80 Golding et al, (1986)
63 55 Seror, (1987)
Phalens Wrist Flexion 74 _ Phalen, (1966)
71 80 Gellman et al, (1986)
10 86 Golding et al, (1986)
Flick Test 96 92 Pryse-Phillips, (1984)
Tourniquet Test 65 60 Gellman et al, (1986)
21 87 Golding et al, (1986)
Two Point Discrimination 33 100 Gellman et al, (1986)
Semmes-Weinstein
Monofilament 91 80 Gellman et al, (1986)
Vibrometry 83 — Lundborg et al, (1983)
Liquid Crystal
Thermography 33 — Herrick et al, (1976)
Diagnostic Signs
The most notable of the signs are described below:
Tinel Sign: Jules Tinel, (1915), reported that the tapping of the proximal stump of an 
injured nerve may elicit a tingling sensation in the sensory area that it innervated. He 
described the sensation as ’fourmillement’, (literally ’the crawling of ants’), but applied the 
term to nerve injury rather than entrapment syndromes. More recently the Tinel Sign has 
been used in the diagnosis of CTS. A positive result is recorded if tingling in the median 
nerve distribution of the hand is elicited by tapping the nerve just below the transverse 
carpal ligament. Graham, (1983), reported that between 15% and 73% of CTS patient 
populations have been correctly diagnosed using this test, (i.e. sensitivity of 15-73%). In 
table 1.3 sensitivity ranges from 26-63% and specificity from 55-94%. Such figures
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suggest that if performed in a standardised way this test may be useful in the confirmation 
of CTS but cannot be used to reliably identify non-diseased individuals.
Phalens Sign: First described by George Phalen, (1951), the wrist flexion test is performed 
by holding the wrists in complete flexion for thirty to sixty seconds. A positive result is 
recorded if numbness and paraesthesia in the median nerve distribution are reproduced or 
exaggerated. Phalen himself mentions that maintaining this position for a long time 
eventually produces the same effects in normal hands, (Phalen 1966). The cut off time of a 
minute seems to be somewhat arbitrary. Graham, (1983), noted that the test appears to be 
between 74% and 90% sensitive for various groups of CTS patients, reported in the 
literature. Although specificity data (table 1.3) seems to be acceptable, (i.e. 80% or 
greater), sensitivity has been reported to be as low as 10%. Phalens’ own sensitivity figure, 
(74%), was based on patients who did not have the benefit of electrodiagnostic 
confirmation, (Phalen, 1966). Increases in pressure within the carpal tunnel upon flexion or 
extension, as demonstrated by Gelberman et al, (1981), are most probably responsible for 
the positive response in the Phalens test.
Flick Sign: Described by Pryse-Phillips, (1984), this test simply involves asking the patient 
the question "What do you actually do with your hand(s) when the symptoms are at their 
worst?". A positive result is recorded if the patient makes a flicking motion with their 
hand(s), similar to that of shaking down a clinical thermometer. Curiously, the sensitivity 
of this test appears to be remarkably high, as does the specificity although there has so far 
been no confirmation of these results. The rationale behind this test is unclear. Other 
independent studies are needed before this test becomes routinely used.
The Tourniquet Test: (Gilliat & Wilson 1953) involves inflating a pneumatic tourniquet 
proximal to the elbow to a pressure above the patients systolic pressure. If paraesthesia 
and/or numbness are experienced in the median nerve distribution within a sixty second 
period, a positive result is recorded. The diagnostic capabilities of this test appear to be 
poor, (table 1.3).
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Diagnostic Tests (Non-Electrophysiological)
In general these involve quantifying the level of impairment of sensory fibres in the 
median nerve. They include the two point discrimination test, the Semmes-Weinstein 
Monofilament test (to quantify light touch) and vibrometry testing, (to determine vibration 
threshold). Tests such as these can only give an indication of function of the sensory fibres. 
If impairment is detected, it may be the result of abnormalities at other sites along the 
course of the fibres. In table 1.3, it is apparent that specificity for the two point 
discrimination test is high but sensitivity is rather low.
The Semmes-Weinstein Monofilament tests the threshold pressure detectable in a 
particular skin site. It involves holding filaments (man made) of specific length and 
varying diameters perpendicularly over area of skin. The tester then applies suffient 
pressure to cause the filament to become deformed. The pressure thus applied varies with 
the diameter of the filaments used. The normal limits of the threshold that can be detected 
can be used to classify an individual as either normal or diseased. The test appears to be 
both sensitive and specific but again data concerning patients with other median nerve 
abnormalities are not presented. Gellman et al, (1986), recommend its use in conjunction 
with other electrodiagnostic tests.
Vibrometry Testing: The determination of vibration thresholds has recently attracted 
attention, (Borg & Lindblom 1986, Lundborg et al, 1986). Lundborg et al, (1986) report 
the use of vibrotactile sensibility testing as a diagnostic tool. Subjects are required to place 
the pulp of the middle finger on top of a vibration probe, so that a vibration stimulus of 
controlled frequency and amplitude could be applied to the finger. Patients are instructed 
to press a button on a hand switch when the vibrations on the probe are felt. This 
automatically causes an attenuator to decrease the intensity, (amplitude), of the vibration. 
The patient is then required to release the button when they can no longer feel the stimulus. 
In doing this the threshold level is established. The frequency of the stimulus is 
automatically changed and a record of frequency vs intensity is obtained, (figure 1.4).
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Lundborg et al, (1986), found that changes in vibration sense, as revealed by the use of 
tuning forks or biothesiometers working in the 256Hz range, closely corresponded to the 
dropout of sensory fibres and the subjective impairment of sensory function. Sensitivity 
(83%), based on diagnosing CTS patients identified using neurophysiological techniques 
appears to be good. In addition, 54% of a group of patients with CTS symptomology but 
normal neurophysiologic findings also had abnormal vibrograms. It is thought that this 
reflects the potential for the early identification of the disorder. However, it is not clear 
whether this test can differentiate between abnormalities at different points along the 
length of the affected nerve.
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Frequencies 
Examples of vibration threshold traces:
Pre-operative and post operative vibrograms
of a 55 year old woman with bilateral CTS.
(Lundborg et al, 1986).
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Liquid Crystal Thermography: Thermographic imaging offers a non-invasive means of 
evaluating heat emission from the skin dermatomes. The application of such techniques for 
the diagnosis of compression neuropathy is based on the premise that the afferent 
sympathetic nervous system (associated with smooth muscle or blood vessel control, sweat 
glands and organs, as well as the parasympathetic innervation) is responsible for the 
observed thermograph responses.
It is suggested that thermographic findings can usually identify the specific portion of a 
nerve that has been injured. Distal abnormalities of the major peripheral nerves appear to 
follow the usual areas innervated by these nerves. For the median nerve this includes the 
radial three and a half d ig its  on the palmar side and the palm. Thermographic 
abnormalities appear to follow these distributions.
Herrick et al, (1976), evaluated 35 CTS patients thermographically prior to confirmed 
diagnosis. E lectrodiagnostic tests were perform ed on 28 of these. Those with 
electrodiagnostic findings suggestive of CTS only constituted 33% of the group of those 
with thermographic findings indicative of median nerve abnormalities. It may be that the 
remaining 67% of patients with negative electrophysiological findings had CTS in its early 
stages.
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Diagnostic Tests, (Electrophysiological)
Electrophysiological measures are most commonly used in the clinical situation to 
diagnose CTS.
Melvin et al, (1973), investigated 12 neurophysiological measures in terms of their 
specificity and sensitivity in diagnosing CTS. Their subjects included 17 CTS patients and 
24 controls. Statistically significant differences were found between the two groups for 
eight of these variables. However, their diagnostic capabilities vary. Details of the 
sensitivity and specificity of the four better variables are given in table 1.4. These include 
distal sensory and motor latencies, sensory duration and forearm conduction velocity.
Table 1.4: Diagnostic capabilities of single median nerve 
conduction variables:
Variable Normal CTS
DSL
Correct classifications 22 17
Misclassifications 2 0
(Normal 2.8-3.6 msec)
DML
Correct classifications 24 13
Misclassifications 0 4
(Normal 3.1-4.3 msec)
Sensory Duration (wrist)
Correct classifications 24 10
Misclassifications 0 7
(Normal 1.0-2.6 msec)
Motor NCV
Correct classifications 24 6
Misclassifications 0 11
(Normal 49.1-64.3 m/sec)
The ’normal range’ was taken to be the mean + 2 standard deviations of the controls. The four variables are those with the least 
number of misclassifications.
(From Melvin et al, 1973)
Sensitivity Specificity
(%) (%)
91.6 100
100 76.5
100 58.8
100 35.3
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The most popular measures reported in the literature include distal sensory latencies, 
(DSL), distal motor latencies, (DML), and nerve conduction velocities, (NCV), (Melvin et 
al 1973; Thomas 1960; Thomas et al 1967; Kemble 1968; Kaplan 1976; Felsenthal 1977; 
Kraft & Halvorson 1983; Johnson & Melvin 1967; Felsenthal & Spindler 1979; Bhala & 
Thoppil 1981; DiBenedetto et al 1986).
Latencies, (measured in milliseconds), represent the time interval between the the electrical 
stimulation of a section of nerve and the response (the depolarisation of a section of nerve 
further along its path or the twitch of a muscle innervated by the nerve).
Abnormalities of the median nerve in the carpal tunnel have been shown to give rise to 
increases in distal latencies. This phenomenon has been demonstrated by Kimura (1979). 
Recordings were made after serial stimulations at 1cm intervals along an 11cm length of 
the median nerve over the carpal tunnel, (figure 1.5). The subjects included 61 non-CTS 
patients, (122 hands), and 105 CTS patients, (137 hands). In figure 1.6 it is evident that 
there appears to be a linear relationship between magnitude of the latency and the length 
of nerve tested in the non-CTS group. In the CTS group there was an increase in latency 
across the area within the carpal tunnel. In 52% of CTS patients tested there was a sharply 
localised latency increase across a 1cm segment of the median nerve which was most 
commonly found 2-4cm distal to the origin of the transverse carpal ligament, (e.g. figure
1.7). In these affected hands, the focal latency change was more than four times greater 
than across the adjoining distal and proximal segments.
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Such investigative procedures are not always practical, especially in clinical situations 
where simpler and less time consuming recordings are made. In these situations single 
recordings (eg. wrist to digit III sensory latencies), or two step recordings (eg. wrist to 
palm, palm to digit HI) can be made as opposed to the serial ones mentioned above. After 
the normal range has been established, (generally mean + 2 standard deviations), 
individuals are deemed to have abnormal latencies if they are prolonged beyond the upper 
limit of normal. The rationale for this is evident from the work mentioned above. Kimura 
(1979), demonstrated that in the ’normal’ individual the latency appears to be linearly 
related to the length of nerve tested. In these individuals there appears to be little increase 
in latency over the carpal tunnel as compared with adjacent sections of the nerve. In CTS 
patients, increases in distal latency beyond normal limits are thought to reflect the focal 
increase in latency in the carpal tunnel.
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Figure 1.5: Stimulation sites across the carpal tunnel. Superimposed distal
sensory latency traces for the median nerve relate to the 
successive stimulations along the forearm and wrist.
(Kimura 1979)
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(Kimura 1979)
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Serial sensory latencies for a CTS patient illustrating the sharply 
localized slowing from -3 to -2 cm from the distal crease of the 
wrist.
(Kimura 1983)
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1.3 The Size of the Problem
Although it is generally recognised that CTS is the most common nerve entrapment 
disorder, little information is currently available relating to specific incidence and 
prevalence rates for the syndrome. Since the 1975 review of the list of international 
classified diseases, (WHO 1977), carpal tunnel syndrome has been placed in a separate 
category, (ICD number 354.0*). These headings are used by various bodies when 
compiling disease related statistics.
The only information relating specifically to CTS that is readily available concerns patient 
consultation rates in general practice, (table 1.5). (It should be noted that these data relate 
to information collected at a number of general practices which are not necessarily 
representative of the entire country). Using available population data, (table 1.6), it is 
possible to gain an crude estimate of the annual number of consultations in England and 
Wales, (table 1.7). These figures suggest that there are about 70,000 consultations annually 
in England and Wales for individuals between 15 and 64 years of age. Note that this 
doesn’t include information on Scotland and Northern Ireland, nor on individuals above 
retirement age. Data concerning the number of cases referred for further treatment is 
currently unavailable.
Table 1.5: Patients Consulting General Practitioners for CTS. 
(Rates per 1,000 at risk)
Group All Ages 15-24 25-44 45-64
years years years
Males 0.6 0.4 0.9 0.8
Females 2.2 0.8 3.3 4.2
All 1.4 0.6 2.1 2.6
Male: Female 1:3.7 1:2.0 1:3.7 1:5.3
(Fran RCGP/OPCS/DHSS et al, 1986)
1  . Coding to the fourth digit is generally undertaken for special studies only.
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Table 1.6: Population breakdown for England & Wales 
Total Population 
(thousands)
Group All Ages 15-24 25-44 45-64
years years years
Males 24330 4145 6874 5421
Females 25594 3984 6780 5586
AH 49924 8129 13655 11008
(Buckle, in press)
Table 1.7: Estimates of patients consulting for CTS in England & Wales 
(based on data in tables 1.5 and 1.6)
Carpal Tunnel Syndrome
Group All Ages 15-24 25-44 45-64
years years years
Males 14598 1658 6187 4337
Females 56306 3187 22375 23462
All 69893 4877 28674 28620
(NOTE - Inconsistencies result from rounding errors in rate data)
The data in table 1.7 are presented graphically in figure 1.8.
The number of CTS sufferers is probably much greater than the figures in table 1.7 might 
suggest for a number of reasons:
Firstly, not every CTS sufferer seeks medical advice - many do not consider their 
symptoms to be severe enough. For example, many pregnant women may feel that 
symptoms of CTS are to be expected as a natural part of childbirth - In a review of 1,000 
pregnant women, 335, (33.5%), had experienced symptoms in their hands, of whom 249, 
(24.9%), had symptoms consistent with CTS (Voitk et al, 1983). Only 46% of the 
symptomatic women had mentioned their symptoms to a doctor. The reported prevalence
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Figure 1.8 Age and sex breakdown for patients consulting at 
general practice for CTS.
Note - the lower age band is 15 to 24 year olds, 
(10 years) whereas the other two represent twenty 
year age bands.
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rates of CTS amongst groups of pregnant women vary between 230 per 10,000 (Ekman- 
Orderberg et al 1987) and 2,490 per 10,000 (Voitk et al 1983). In view of the fact that 
there were 619,301 live births in England in 1985, (DHSS 1987), it is possible that 
between 14,000 and 150,000 pregnant women may suffer from CTS annually in England. 
Pregnancy represents only one of the many risk factors associated with CTS, (section 
1.5.3).
Secondly, General Practitioners are not normally in a position to confirm the diagnosis of 
CTS electrophysiologically - this is usually performed by qualified staff following referral 
for further treatment. If the symptoms are not particularly clear cut, a diagnosis of CTS 
may not be made.
Thirdly, it is known that CTS may occur in conjunction with other conditions, and this 
may affect its reporting. For example, if CTS occurs secondary to flexor tenosynovitis or 
vibration white finger, it is unclear whether just one or both conditions will be reported in 
the statistics. Both tenosynovitis and vibration white finger are prescribed industrial 
diseases for which industrial injury benefit may be given, (HSE 1985). CTS is not included 
in the list of prescribed industrial diseases, although there is strong evidence that it can be 
work related. Consequently, the diagnosis and reporting of CTS may be biased.
As will be seen later, CTS has been strongly associated with certain occupational factors. 
These relate to extremes of hand and wrist posture, prolonged pinching and grasping 
movements and high levels of force and repetitiveness. The stresses imposed on the hands 
during such manoeuvres can be reduced by job redesign. Unlike many of the other factors 
thought to be associated with CTS, occupation can be modified. The savings in medical 
fees, lowered efficiency, health insurance costs, replacement employees and compensation 
can be considerable. In one american meat packing plant, of 788 employees, 117 (14.8%) 
had had carpal tunnel release surgery in a five year period, (Masear et al, 1986). Days lost 
from work and compensation claims were estimated at over $1,000,000 in this period. 
Medical fees were not included.
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It is clear that CTS appears to be a common disorder. Problems in diagnosis and reporting 
suggest that under reporting may occur. In addition, strong associations between CTS and 
the workplace indicate that it is likely to be costing industry and the government millions 
of pounds annually.
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1.4 The Pathophysiology of CTS
It is generally understood that the symptoms of CTS usually result from an increase in 
pressure on the median nerve. Gelberman et al, (1981) demonstrated that the pressure 
within the carpal tunnel was significantly higher in CTS patients than in asymptomatic 
controls, (table 1.8).
Table 1.8: Carpal Tunnel Pressures of CTS Patients and Assymptomatic Controls for
Various Hand Positions:
Subjects Carpal Tunnel Pressures, (mmHg)
neutral flexed, (90°) extended,
CTS patients
(N=15)
mean 32* 94* 110*
sd 3.8 20.0 22.0
range 2-50 10-250 15-250
Controls
(N=12)
mean 2.5 31.0 30.0
sd 0.61 3.0 4.3
range 0-7 15-75 4-50
* - Difference between CTS sufferers and controls: P<0.001. The pressure measurements were made using a Wick catheter when the 
wrist was in the neutral position, flexed, (+90°), and extended, (-90°)
(From Gelberman et al, 1981)
Szabo and Gelberman, (1987), indicated that the mechanisms by which compression 
affected peripheral nerves are not completely understood. Both ischaemic and mechanical 
factors have been implicated as the primary cause of nerve compression lesions. Ochoa et 
al, (1972), demonstrated that mechanical compression of peripheral nerves results in 
invagination of the nodes of Ranvier and localised demyelination. They suggested that a 
block in nerve conduction resulted from occlusion of the nodes of Ranvier and the 
blockade of ionic currents.
Rydevik et al, (1981), monitored bloodflow through rabbit tibial nerves under conditions
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of graded compression. It was noted that at about 30mmHg, bloodflow through the venules 
was slightly impaired. At higher pressures, (60-70mmHg), there was an almost complete 
arterial block.
Gelberman et al (1983), indicated that the pressure level at which nerve fibre viability in 
humans is jeopardised has not been determined conclusively. Experimental evidence 
suggests that it lies between 30 and 60 mmHg.
Gelberman et al, (1983) have attempted to relate artificially induced symptoms to carpal 
tunnel pressures in humans. Wick catheters were inserted into the carpal tunnels of 16 
healthy volunteers and 10 hypertensive patients. The hands of these volunteers were then 
placed in an external compression device and compression was applied to the wrists over 
the palmar aspect of the carpal tunnel. Tissue pressures of40-70mmHg were produced and 
sustained for between 60-240 minutes. At 40mmHg pressuure no significant 
neurophysiologic changes occurred in any subject for at least 4 hours. Compression greater 
than 50mmHg produced a consistent sequence of events: sensory responses disappearing 
10-60 minutes after the application of pressure. There was a simultaneous decline in 
sensory amplitude and increase in sensory latency. Motor amplitude was reduced to 20- 
40% of its original value at the time of sensory loss. Hypertensive patients remained 
essentially unaffected at slightly higher pressures. The authors proposed a mathematical 
relationship between sensory nerve conduction block, mean arterial blood pressure and 
tissue fluid pressure. With compression at 60 mmHg and below, all subjects had sensory 
nerve conduction blocks when diastolic pressure minus the tissue fluid pressure was less 
than 30 mm Hg.
Why then should the pressure in the carpal tunnel increase thus producing the symptoms of 
CTS? In order to answer this question it is necessary to examine all relevent factors which 
affect the pressure time profile in the carpal tunnel. For the purposes of further discussion 
these may be divided into two groups: firstly there are anatomical and histological changes 
in which the volume or physical properties of the carpal tunnel alter as the result of certain 
systemic or other disorders or other factors. Secondly there are mechanical factors (mainly
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manoeuvres of the hands) which cause the pressure in the carpal tunnel to increase in a 
transitory fashion. The former factors tend to affect the basal pressure in the carpal tunnel 
whereas the latter ones produce pressure changes which are far more acute in nature.
1.4.1 Anatomical and Histological Factors
Much of our knowledge of the pathological processes responsible for CTS come from 
either cadaver specimens, surgery or amputated arms. The findings at surgery in the carpal 
tunnel vary considerably and generalisations are difficult to make. Some information 
regarding typical findings are reported below, (from Yamaguchi et al, 1966)
Control Samples (from amputated arms)
In the younger ’control’ wrists, the tendon sheaths were glistening white and transparent. 
In the older wrists, the structure was of variable thickness, non-transparent and a cloudy 
white. The median nerve did not appear to be abnormal in any way.
CTS samples (removed during surgery)
The median nerve in the wrists of the CTS sufferers appeared to be normal or flattened and 
constricted, (a phenomenon also noted by Halter, 1981, and Kenzora 1978). At the point of 
constriction the nerves appeared to be hyperemic with increased fibrosis of the 
perineurium. Proximal to the constriction the nerve appeared to be enlarged. The tendon 
sheaths were thickened, cloudy white, lustreless and non-transparent. In the cases where 
inflammation was present, the sheaths were grey, thickened, hyperemic and oedematous.
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Graham, (1983), suggested that all causes of CTS must be attributed to one or 
more of the following:
• 1. An alteration in the osseous margins of the carpal tunnel
• 2. Thickening of the transverse carpal ligament
• 3. An increase in the volume of the tunnel contents 
However, other factors are probably also involved.
1. Alterations in the Osseous Margins o f the Carpal Tunnel
Little reference has been made in the literature to the fact that the alterations in the osseous 
margins of the carpal tunnel may precipitate CTS. Yamaguchi et al, (1965), reported the 
finding of a bony ossicle in the wrist of one patient at surgery. Also Herndon et al, (1974), 
report a case of CTS secondary to an osteoid osteoma of the capitate. Reference has also 
been made to the acute onset of symptoms of CTS following wrist fractures, (Bergfield et 
al, 1983). CTS has been noted to occur in patients who had experienced Colles’ * fractures. 
An analysis of nineteen such patients suggests that in general the syndrome appears to 
result from oedema, tenosynovitis or the recovery position in which the hand was splinted 
rather than direct encroachment of the surrounding bone.
2. Thickening o f the Transverse Carpal Ligament
Another feature of CTS which has been noted at surgery is that the transverse carpal 
ligament may appear to be thickened and tight, (Jain et al, 1979; Halter, 1981; Yamaguchi 
et al 1965). Not only might this thickening result in a reduction in the volume of the carpal 
tunnel, but its elasticity may also be affected.
Histological Studies: Lin et al (1983), found no histological differences between samples 
of transverse carpal ligament taken from CTS patients at surgery (22 samples from 21 
patients), and samples from fresh autopsies (9 samples). Whether changes in elasticity 
occur after death is uncertain - if this does occur then the use of post- mortem control
1  . Colles’fracture-afractureof the wristofthelowerendoflheradius andisusuallycausedbyafallontheoutstretchedhand.Thehandand 
wrist below the fracture are displaced
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samples may be inappropriate. In addition they investigated the elasticity of the transverse 
carpal ligament and found no significant differrence between the case and control samples. 
However, differences between the sexes for both the case and control samples were 
evident. Further research is required on larger numbers of subjects to understand the nature 
and implications of this phenomenon.
Stransky et al, (1987), reported electron microscopic differences in the collagen fibres 
from the transverse carpal ligaments from CTS patients and controls. Whereas the 
diameters of the collagen fibrils from 3 cadaver specimens had fairly constant diameters 
(mean fibril diameter ranging from 49 + 6.17 to 52 + 6.33 nm), the corresponding 
measurements for seven CTS patients were significantly different (mean fibril diameter 
ranging from 64 + 26.4 to 92 + 36.6 nm).
3. Increases in the Volume of the Tunnel Contents
The contents of the carpal tunnel may increase as the result of a number of phenomena -
Tumours: Yamaguchi et al, (1965), reported that out of a total of 177 patients operated 
upon for CTS, (204 hands), tumours were found in the tissues of three, (a lipoma, a 
granuloma and a neuroma).
Deposits: Hallen and Rudin, (1966), Hallet, (1982), and Chapman and Cotter, (1982), all 
report cases of CTS which were treated surgically. Deposits of amyloid, (see section 
1.5.1), were found infiltrating the tissues of the carpal tunnel. These deposits were 
surgically removed and the patients recovered.
A case of hyperparathyroidism was reported by Firooznia et al, (1981), in which the 
patient had also developed CTS. Again, at surgery, deposits were found amongst the 
tissues of the carpal tunnel, (this time of calcium hydroxyapatite).
Median Nerve Enlargement: Callison et al (1968) reported four cases of CTS characterised 
by enlargement of the median nerve with a pathologic picture of fatty and fibrous tissue 
proliferation involving the epineurium, perineurium and the endoneurium. In some cases
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the median nerve measures up to 3cm in diameter. These lesions appeared benign with 
very slow if any progression of neurological deficit following decompression of the nerve.
Inflammation: Inflammation may be regarded as ’those events which take place in living 
tissue as a result of certain types of provocation, such as an external agent, (physical, 
chemical, infectious organism), or an immune reaction’, (Feinberg & Jackson, 1983). It 
involves vascular dilatation and increased capillary permeability resulting in the leakage of 
plasma into, and leukocyte infiltration of the tissues. If this is severe, damage and even 
death of the tissue may ensue. Oedema may develop due to the plasma proteins passing 
through the capillaries. If the stimulus eliciting an inflammatory response persists the result 
may be a growing mass of macrophages or granuloma which is the hallmark of chronic 
inflammation. Chronic inflammation is typical of intracellular infections such as 
tuberculosis. If certain materials are phagocytosed but can not be degraded, they may give 
rise to granulomas. Fibrosis, (the laying down of fibrous scar tissue), may develop around 
a long standing granuloma. Calcification of this tissue may eventually occur.
In the literature, inflammatory responses following various stimuli have been reported to 
precipitate episodes of CTS - These include insect stings, (Lazaro, 1972); bacterial 
infections, (Williams & Geer, 1963; Kaplan & Clayton, 1969) and Colles’ Fractures, 
(Lynch & Lipscomb, 1963).
Tenosynovitis, (inflammation of the tendon sheath), of the flexor tendons resulting in 
oedema and fibrosis may also lead to an increase in the volume of the carpal tunnel 
contents. This may in turn lead to carpal tunnel syndrome. Indeed, tenosynovitis is a 
recognised occupationally related disorder for which industrial injury benefit may be 
given. In the year 1981/2, 2,282 cases of tendititis and /  or tenosynovitis of the hand and 
forearm were granted industrial injury benefit or disablement benefit, (HSE, 1985). 
However, it is unclear how many of these sufferers experienced CTS secondary to 
tenosynovitis.
Yamaguchi et al, (1965), reported the findings at surgery, (to divide the transverse carpal
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ligament), of 177 CTS patients. Tenosynovitis was evident in the tissues of 24. Of these, 
22 had rheumatoid tenosynovitis, 2 had gouty tenosynovitis, 1 had granulomatous 
tenosynovitis and the last had tuberculous tenosynovitis.
Histologically, evidence of inflammation appears to occur in only a proportion of the 
synovial sheaths of CTS sufferers, (see below).
Oedema: Increases in the amount of oedema fluid in connective tissues has been noted in 
the carpal tunnel tissues of of CTS patients when examined at surgery, (Jain et al, 1979; 
Delmez et al, 1982; Kenzora, 1978; Yamaguchi et al, 1965). The oedema in these cases 
does not always appear to be the result of an inflammatory response. Oedema has been 
noted to occur in CTS patients during pregnancy - Voitk et al, (1983), noted a higher rate 
of ’ring removal’ (a crude indicator of oedema of the hands), in pregnant women with CTS 
than in asymptomatic pregnant women.
Histological Studies: Histological examination of tissues yields additional information 
regarding microscopic changes in the carpal tunnel and associated tissues. A number of 
authors have examined tissue samples taken from patients during surgery or from 
amputated or cadaver arms, (Armstrong et al 1984; Stransky et al 1987; Faithfull et al, 
1986; Neal et al 1987; Yamaguchi et al 1965).
Armstrong et al, (1984), examined tissue samples from the wrists of six cadavers. Material 
from consecutive 5mm slices was examined from each wrist and rated using the following 
scale: ’0’ - Normal to ’3* - Maximally altered. Tissue characteristics considered were: 
degree of synovial hyperplasia; fibrous connective tissue density; average figures for 
endothelial reduplication and muscular hypertrophy for venules and arterioles as well as 
epineurial density. Near the distal crease of the wrist, the ratings for subsynovial and 
related connective tissue and synovial hypertrophy were greatest, (P<0.01). Muscular layer 
hypertrophy of the arterioles and venules were significantly greater near to the wrist crease 
than nearer the proximal or distal sections. Marked infiltration of inflammatory cells was 
also observed near to the wrist crease. Mean values for the density of the nerve epineurium
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were found to be greater near to the wrist crease. Although this research was performed on 
cadaver specimens who were not reported to have suffered from CTS, it is important to 
note that histological findings relating to samples taken at surgery must be interpreted with 
caution if the exact site of origin is not known.
Neal et al, (1987), Faithfull et al, (1986) and Yamaguchi et al, (1965) report details of 
histological investigations of the flexor tendon sheaths taken from patients at surgery. 
Faithfull et al (1986), found evidence of oedema in synovial membrane samples in 24 of 
the 29 CTS patients. Perivascular inflammation (three patients), and fibrinous synovitis 
(two patients), accounted for the remainder. The authors suggested that irritation of the 
synovial membrane resulting from finger movement was responsible for the evidence of 
inflammation in these latter five patients. However, no details are given for the control 
patients that the authors also mentioned.
Neal et al, (1987), noted an absence of inflammation and diversity of pathological findings 
in tissue samples from the synovial sheaths of forty five CTS sufferers at surgery. Control 
samples from fresh cadavers were prepared in the same way. No abnormalities were 
evident in seven specimens. In the remaining patients, three distinct patterns were 
identified, (table 1.9):
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Table 1.9: Abnormal Histological Findings in the Flexor Tendon Sheaths of 45 
CTS sufferers, (taken at surgery), and 16 controls, (from fresh 
cadavers):
Description Cases Controls
N=45 N=16
No (%) No (%)
No Abnormalities 7(16) 8(50)
Connective tissue changes
Thickening o f collagen bundles 7(16) 1 (6)
Hyaline changes reducing collagen
to a pale eosinophilic material 13 (29) 2(13)
Collagen thickening & Hyaline change 1 (2) 1 (6)
Massive synovial proliferation,
Collagen thickening & Hyaline Change 1 (2) 0 (0)
Fibrosis 1 (2) 0 (0)
Increase in elastic fibres 1 (2) 0 (0)
Increase in reticulin fibres 2 (4) 0 (0)
Amyloid deposits 2 (4) 0 (0)
Vascular lesions
Platelet thrombi in small arteries 1 (2) 0 (0)
Intimal hyperplasia & platelet thrombi 1 (2) 0 (0)
Narrowing of vessel lumens
(thickening o f small vessel walls) 9(20) 2 (13)
Oedema
Separation o f connective tissue
fibres and I or small cystic spaces 10 (22) 2(13)
Inflammation -
Foreign body giant cell reaction (1145) 1 (2) 0 (0)
(From Neal et al, 1987)
Yamaguchi et al, (1965), examined tissues samples from the tendon sheaths of 177 CTS 
sufferers which were obtained at surgery. Tissue samples were also obtained from 
amputated arms. The amputees all reported no previous history of CTS.
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In thirty one of the CTS patients, (18%), factors such as tumours, bony ossicles, deposits 
or obvious tenosynovitis appeared to account for the condition. In the remaining 146 
patients, the findings were less well defined. The authors did attempt to categorise these 
cases, (see table 1.10 and figure 1.8).
Table 1.10: Details of the Synovial Membrane of 177 CTS Patients:
Category Number Percentage
Group I 19 10.7
Findings similar to ’control’ group
Group II 62 35.0
Slightly greater fibrosis & oedema
Group m  40 ~ 22.6
Zone I  thickened (6-10 cell thick)
Zone II more vascular 
Zone III Increase in fibrosis & 
thickened vessel walls 
Inflammatory cells present in moderate 
amounts in nearly all zones but 
2 & 3 especially
Group IV 25 14.1
Zone I  thickened & infiltrated with 
inflammatory cells 
In areas cell reaction & vessels were
so numerous that tissue simulated 
a hemangioma or granulation tissue
Samples were taken at surgery and compared with tissue from 14 control amputated arms. See figure 1.9 for details of the various 
zones referred to.
(From Yamaguchi et al 1965)
It is evident from table 1.10 that the most apparent histological changes include: oedema, 
narrowing of vessel lumens, thickening of collagen bundles and hyaline changes reducing 
the collagen to an amorphous pale eosinophilic material.
It is interesting to note that no abnormalities were observed in 10.7% of the cases referred 
to above.
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Zone
2
3
V.
4
Figure 1.9: Classification of synovial membrane tissue layers by Yamaguchi et al,
(1965). The tissue layers are denoted as zones: Zone 1, endothelial like cells; Zone 
2, loose areolar tissue; Zone 3, fibrous tissue with scattered fibroblasts and 
arterioles; Zone 4, fatty tissue.
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Anatomic Anomalies
Certain anatomic anomalies which are thought to contribute to the development of CTS, 
only come to light at surgery or post mortem. These anomalies relate to muscles, and blood 
vessels.
Muscles: The anomalies reported relate to muscle bellies (Schultz et al, 1973) and tendons 
(Butler & Bigley 1971) passing through the carpal tunnel. Some of the muscles involved 
are listed below:
Table 1.11: Anomalous muscles reported to compress or contribute to the 
compression of the median nerve:
Muscle Author (Year)
Muscles normally present:
Palmaris Longus Lahey & Aulicino (1986)
Flexor Digitorum Superficialis Lahey & Aulicino (1986)
Lumbricals Lahey & Aulicino (1986)
Schultz et al (1973)
Butler & Bigley (1971)
Muscles not normally present:
Palmaris Profundus Lahey & Aulicino (1986)
The Median Artery: During the first two months of embryonic development, the blood 
supply of the forearm and hand is carried by the interosseous artery and the median artery 
which both derive from the brachial artery. The radial and ulnar arteries appear later on, 
and take over the blood supply of the distal parts of the upper limb. At the same time, the 
median artery involutes following the median nerve as a thin arterial vessel, (and passing 
through the carpal tunnel). In certain cases, the median artery persists as the main blood 
supply for the hand. The proportion of individuals with a persistant median artery is small 
(McCormack et al, 1953 found the anomaly in just over 4% of 750 extremities examined). 
However, it has been suggested that in some cases, CTS is caused by a persistant median 
artery, (Mauersberger & Meese, 1975; Pecket et al, 1973; Luyendijk 1986). In such cases 
the symptoms appear to have a pulsatile character.
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Carpal Tunnel Size: With the improvements in imaging techniques in recent years, it has 
been possible to measure the cross sectional area of the carpal tunnel. Some of the findings 
are summarised in table 1.12:
Table 1.12: Differences in Carpal Tunnel Cross-sectional Area:
Population Studied
14 male controls 
19 female controls 
26 female CTS sufferers
Imaging Findings Author(s)
Method (Year)
Computed CT area: Female controls Dekel et al,
Tomography < Male controls; Female CTS (1980)
sufferers < Female controls
7 male CTS sufferers
3 male controls
4 males with 
subclinical CTS
Computed
Tomography
CT area: CTS sufferers (7) 
< Normal controls (3)
Bleeker et al, 
(1985)
14 males
15 females
Magnetic
Resonance
Imaging
CT area: Dominant hand 
< non-dominant hand;
Norman et al, 
(1989)
Using Computed Tomography, differences have been demonstrated between CTS sufferers 
and asymptomatic controls. However, this method is not suitable for imaging soft tissues, 
unlike Magnetic Resonance imaging. MRI can detect oedema and fibrous tissue more 
easily. Since CTS is often thought to be the result of oedema and soft tissue hyperplasia, 
MRI would seem to be more appropriate, (Norman et al 1989). Further research using MRI 
is necessary to determine whether CTS patients have smaller CT areas than non - sufferers
If differences in carpal tunnel dimensions are confirmed by further research, the question 
as to whether these differences are congenital or acquired remains.
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1.4.2 Mechanical Factors
Flexion and Extension
As mentioned earlier, flexion and extension of the wrist increases the pressure within the 
carpal tunnel. This phenomenon is noted both in CTS sufferers and control subjects, (table
1.8). Of particular interest is the fact that the tunnel pressures of the CTS sufferers is 
significantly greater than those of the control subjects. Similar studies on paraplegic 
patients (Table 1.13) and patients with Colles fractures have reported similar findings, 
(Gellman et al, 1988; Gelberman et al, 1988).
Table 1.13: Carpal Tunnel Pressures (mm Hg) in Paraplegic Patients:
Position Carpal Tunnel No Caipal Tunnel
of the Wrist Syndrome (N = 8) Syndrome (N = 10)
Neutral 12 8
Flexion 95 42
Extension 160 200
RAISE* manoeuvre 220 180
* RAISE is an acronym for R elief of A natom ical Isch ia l Skin Em barrasm ent - it  is the m anoeuvre 
involving the patien t lifting  them selves by means of downward pressure w ith the elbow s and w rists 
locked in extension. This is usually performed for IS seconds every IS minutes.
(From Gellman et al, 1988)
Contribution o f the Flexor Tendons
The tension in the flexor tendons may also play a role in the otherwise unexplained 
instances of carpal tunnel syndrome, (Smith et al, 1977). Experimental evidence for this 
comes from work done on cadaver hands. A pressure transducer replacing the median 
nerve registered sizeable pressures when tension was applied to the flexor digitorum 
tendons of the second and third digits. If these tendons are not tensed, the pressure 
measured in the tunnel remains negligible until flexion reaches its extreme. Pinch and 
grasping movements lead to an increase in the tension of the flexor tendons of the fingers
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which may irritate the nerve.
Pressure over the Carpal Tunnel
Gelberman et al, (1983), applied external pressure directly over the carpal tunnel and 
elicited sensory and motor decrements. The pressures (resulting in carpal tunnel pressures 
of 40 - 70 mm Hg) were applied for between 1 and 4 hours.
Sliding of the Median Nerve
McLellan and Swash (1976), demonstrated that the median nerve slides longitudinally in 
response to movements of the upper limb, neck and thorax. Movements of the wrist and 
fingers produced movements of the median nerve which was measured in the upper arm. 
Additional measurements on four volunteers indicated that flexion of the index and middle 
fingers displaced the median nerve by about 4-5 mm upwards. They also estimated that 
hyperextension of the wrist involves the median nerve sliding about 10-15 mm further into 
the hand. They suggest that where longitudinal movement of a peripheral nerve is 
restricted continual trauma results from normal movements of the limb.
Table 1.14: Longitudinal Sliding of the Median Nerve*
Direction and amount of 
nerve sliding
Movement Mean (mm) Range (mm)
Flex Fingers 0.7 a 0.0 - 3.2
Flex fingers & wrist 1.6a 0.0- 6.8
Extend fingers and wrist 7.4 ° 2.8 - 20.5
* Data from 15 subjects
a - sliding towards the shoulder; b - sliding towards the elbow.
Movement of the median nerve was measured by inserting a needle electrode into the median nerve midway between the elbow and 
shoulder. The measurement of the angle of the protruding electrode allowed calculation of the magnitude and direction of nerve 
movement.
(From McLellan and Swash, 1976)
Subjects 
in whom 
no sliding 
occurred 
(No.)
4
2
0
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1.5 The Aetiology of Carpal Tunnel Syndrome
Though currently the most frequently diagnosed and most easily treated entrapment 
neuropathy, it must be remembered that prior to about 1950, most patients with CTS were 
diagnosed as having compression of either the brachial plexus or the motor branch of the 
median nerve, (Pfeffer et al, 1988). By the 1960’s the number of patients determined to 
have CTS had progressively increased.
Since the 1950’s the syndrome has attracted a deal of interest in the literature. Bearing in 
mind the multitude of anatomical, histological and mechanical factors which have been 
identified as actually compromising the median nerve (section 1.4.1 & 1.4.2), it is not 
surprising that a variety of factors appear to be associated with carpal tunnel syndrome. 
These include various systemic diseases, work-related factors, accidents, hormonal and 
metabolic disturbances.
Conditions Associated with Carpal Tunnel Syndrome
A number of factors have been highlighted as possibly being associated with carpal tunnel 
syndrome. Some of these associations have come to light as the result of little more than a 
few case studies. For others there is sound epidemiological evidence for an association. 
The key factors are listed below and some detail of the relevent studies is given. The 
factors are dealt with in three sections. Firstly, there are those which are recognised clinical 
disorders which affect the entire body, (e.g. diabetes mellitus, renal failure). Secondly, 
there are those factors which locally affect the wrist, arm and hand (e.g. Colles fractures, 
Occupation) and finally there are those factors which again are systemic in nature but do 
not represent clinical diseases (e.g. pregnancy, history of gynaecological surgery).
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1.5.1 Systemic Conditions Associated with Carpal Tunnel Syndrome
CTS has commonly been noted to be associated with a number of systemic conditions 
and states, (table 1.15). The majority of sufferers appear to be otherwise apparendy healthy 
individuals. In one review of 1,215 CTS patients treated over a period of thirty years, only 
26.2% also suffered from an accompanying systemic disease, (Yamaguchi et al, 1965). A 
similar phenomenon was observed by Birkbeck and Beer, (1975), who noted that only 
18.7% of a group of 658 CTS patients also suffered from such conditions.
Acromegaly
Acromegaly is an endocrine condition characterised by the over secretion of growth 
hormone by the pituitary. Before CTS was first properly described, Davidoff, (1926), 
noted that thirty out of a group of 100 acromegalic patients had experienced paraesthesia 
of the hands. Similarly O’Duffy et al, (1973), reviewed the case records of 100 consecutive 
acromegaly patients treated at the Mayo Clinic, (1962-68). Of the 100 patients, 35 had 
carpal tunnel syndrome, (prevalence of CTS amongst acromegalic patients = 
3,500/10,000). It is of interest that the proportion of patients with ongoing pituitary 
overactivity was greater in the patients with CTS, (34/35), than in those without, (28/65).
Successful treatment of acromegaly, (by irradiation, surgery or drug therapy, appears to 
lead to a remission of the the pituitary dosorder (Luboshitzky & Barzilai 1980), and also 
the CTS, (Gondring, 1966; O’Duffy et al, 1973).
Of a population of CTS sufferers, only 6 (0.5%) of the 1,215 CTS patients reviewed by 
Yamaguchi et al, (1965), were diagnosed acromegalics.
In acromegaly, the principal problem is soft tissue hyperplasia. However, Albright et al 
(1946), demonstrated a decrease in the hand volume of acromegalic patients treated with 
oestrogens. This was attributed to an decrease in extracellular volume during the 
oestrogen therapy.
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Table 1.15: Systemic Conditions Associated with CTS
Condition Author (Year)
Acromegaly Davidoff
Gondring
Luboshitzky & Barzilai 
O’Duffy et al 
Schiller & Kolb 
Yamaguchi et al
(1926)
(1966)
(1980)
(1973)
(1954)
(1965)
Amyloidosis Bastian
Bjerrum
Chapman & Cotter 
Hallen & Rudin 
Lambaird & Hartmann 
Yamaguchi et al
(1974)
(1984)
(1982)
(1966)
(1969)
(1965)
Diabetes Mellitus Bell & Clement 
Dieck & Kelsey 
Gray & Gottlieb 
McCann & Davies 
Phalen
Yamaguchi et al
(1983)
(1985)
(1976)
(1978)
(1970)
(1965)
Hyperparathyroidism Firooznia et al
Palma
Valenta
(1981)
(1983)
(1975)
Hypothyroidism /  Myxoedema Chisholm 
Frymoyer & Bland 
Yamaguchi et al
(1981a)
(1973)
(1965)
Renal Failure Bolton et al 
Cryer & Kissane 
Delmez 
Jain et al 
Kenzora 
Halter et al 
Harding & LeFanu 
Spertini et al
(1979)
(1979)
(1982)
(1979)
(1978)
(1981)
(1977)
(1984)
Rheumatoid Arthritis Nakano
Yamaguchi et al
(1975)
(1965)
Amyloidosis
A waxy eosinophilic glycoprotein is deposited throughout the various tissues of the body 
in amyloidosis. These deposits tend to be found occuring along the reticular or collagenous
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fibres of connective tissues. Peri-reticular amyloidosis appears to primarily affect the liver, 
kidney or spleen. Peri-collagenous amyloidosis are more widely distributed and may be 
found in the blood vessels, heart, respiratory tract, tongue, intestines, skin, joints and 
nervous system.
Reports indicate that it is the peri-collagenous type of the condition that has been 
associated with CTS, (Hallen & Rudin, 1966; Bastian, 1974; Hallet, 1982; Chapman & 
Cotter, 1982). Twelve out of the 1,215 CTS patients reviewed by Yamaguchi et al, (1965), 
were diagnosed as suffering from amyloidosis, (1%).
Hallen and Rudin, (1966), Hallet, (1982), and Chapman and Cotter, (1982), all refer to 
case studies concerning individuals who suffered from CTS and were treated surgically. At 
surgery, large masses of amorphous ’greyish pink’ or ’yellow white’ amyloid were 
discovered throughout the tissues of the carpal tunnel. Large amounts of amyloid were 
removed and each patient subsequently recovered. All these patients were diagnosed as 
suffering from a form of amyloidosis known as myelomatosis, (as were half the amyloid 
patients reviewed by Yamaguchi et al, 1965).
The other reports concerning CTS and amyloidosis relate to the discovery of amyloid 
deposits in tissue taken from CTS sufferers at surgery, (Bastian, 1974; Bjemim et al, 1984; 
Lambaird and Hartmann, 1969). These differ from the above cases in that the deposits 
were only evident when specific staining techniques for amyloid were employed. No gross 
amorphous masses were discovered. Bastian, (1974), reports of only two cases out of a 
total of 87 CTS patients who were treated surgically whose tissues appeared to contain 
amyloid. Similarly, only one CTS patient out of a total of 24 in a study by Bjerrum et al,
(1984), had these microscopic deposits.
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Of 92 CTS patients treated for CTS between 1957 and 1967, 16 were suffering from the 
Rukavina type of amyloidosis, a hereditary form of the disease, (Lambaird and Hartmann, 
1969). Again the amyloid deposits were only evident when specific histological techniques 
were employed.
Diabetes Mellitus
This condition has previously been associated with a number of the symptoms in the 
extremities including joint contractures, (Grgic et al, 1976), stiff hands, (Lundbaek, 1957), 
and neuropathies as well as CTS, (McCann & Davis, 1978).
Dieck & Kelsey, (1985), found a significant association between Diabetes and CTS in a 
group of 40 female CTS sufferers when compared with 1,043 controls, (Odds ratio = 2.9;
p = 0.002).
Of the 1,215 CTS patients reviewed by Yamaguchi et al, (1965), 69 were diagnosed 
diabetics, (5.7%). In another review, (Phalen, 1970), out of a total of 379 CTS patients, 63, 
(16.6%), were diabetics. Interestingly, 27.2% of the total number of these CTS patients 
were either diabetics themselves or had a family history of the disorder. Evidence of this 
nature prompts the question ’is CTS associated with subclinical diabetes or mild 
disturbances in glucose tolerance?’. Pal et al, (1986), aware that certain locomotor 
complaints may be the presenting feature in previously unsuspected diabetics, performed 
glucose tolerance tests on 42 CTS patients without a previous history of diabetes. Only 
one patient had an abnormal response, i.e. no more than one might expect in a normal 
population.
Bell & Clement (1983) refer to a case of bilateral CTS in a 27 year old woman. The 
symptoms appeared when she changed her insulin injection site to her upper arm. When 
she stopped this her symptoms disappeared. After several months she began injecting her 
upper arm once more for only two days before reverting to injecting her legs because of 
the recurrence of symptoms in her arms. This suggests that in diabetics, both localised and
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systemic mechanisms may be responsible for the development of CTS.
Sturfelt et al, (1981), demonstrated that diabetic patients showed significantly more palmar 
thickening, than controls. Thus the development of CTS in diabetics possibly results from 
disturbances in collagen tissues in the form of soft tissue hyperplasia and inflammation.
Hyperparathyroidism
Parathyroid hormone is the hormone responsible for the maintenance of the concentration 
of calcium ions in the extracellular fluid. Release of the hormone into the bloodstream 
occurs when the serum concentration of calcium ions fall in the blood that bathes the 
parathyriod tissue. In primary hyperparathyroidism the hormone is secreted independantly 
of the calcium concentration of the blood. Secondary hyperparathyroidism may be the 
result of chronic kidney disease, (reflected by the inability to remove the hormone, Freitag 
et al, 1978).
A few cases reported in the literature refer to the occurrence of CTS in hyperparathyroid 
individuals, (Firooznia et al, 1981; Valenta, 1975; Palma, 1983). In one of these cases, (Firooznia 
et al, 1981), improvement was noted after surgery was performed to divide the transverse 
carpal ligament. At surgery large deposits of calcium hydroxyapatite were discovered and 
subsequently removed. It was the first such case in which the presence of such calcium 
deposits in the carpal tissues were noted.
Hypothyroidism/Myxoedema
In a review of 49 CTS patients, five (10.2%) were found to be myxoedematous, (Frymoyer 
& Bland 1973). Also, seventy seven, (6.3%), of the 1,215 CTS patients reviewed by 
Yamaguchi et al, (1965), were diagnosed as suffering from myxoedema.
The CTS appears to improve when the underlying cause of the disorder (namely an underactive 
thyroid), is treated, (Chisholm 1981; Fiymoyer & Bland 1973).
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Renal Failure
Since the advent of renal dialysis techniques, persons with renal failure who are regularly 
dialysed have been noted to develop CTS, (Jain et al, 1979; Spertini et al, 1984; Halter, 
1981; Warren & Otieno, 1975; Delmez et al, 1982; Kenzora, 1978).
Some of the authors suggest that the development of the condition may be related to the 
dialysis process, (table 1.16). Kidney transplants do not appear to improve the condition. 
Incidence rates of CTS per 10,000 renal patients on dialysis are given in table 1.16.
The prevalence of CTS appears to be greater amongst renal patients who have been on dialysis for 
a long time.
Rheumatoid Arthritis
Nakano, (1975) reported that CTS is the most common rheumatoid compression neuropathy seen 
in approximately 23% of rheumatoid patients.
Ninety three out of the total of 1215 CTS patients reviewed by Yamaguchi etal, (1965), were also 
diagnosed as suffering from rheumatoid arthritis, (7.7%).
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Other Conditions
A few other conditions have also been associated with the development of CTS. These 
include gout, (O’Hara & Levin, 1967), congestive heart failure, (Mandawat 1985), and 
Graves’ disease, (Beard et al, 1985). Also, Richards, (1984), noted that out of a total of 
eleven persons being diagnosed as suffering from a particular type of fibrositis over a 
period of a few years, eight subsequently developed CTS.
In addition, the study by Yamaguchi et al, (1965), very small numbers of CTS patients also 
suffered from the disorders listed below. However, with no information on the occurrence 
of these conditions in a control population, there are really of only passing interest.
Table 1.17: Listed below are some of the other conditions experienced by the 1,215
CTS patients reviewed by Yamaguchi et al, (1965).
Condition Number of sufferers Percentage
of total
Raynauds disease 7 0.57
Gouty Arthritis 6 0.49
Shoulder-hand Syndrome 6 0.49
Tuberculosis 4 0.33
Disseminated Lupus Erythematosis 3 0.25
Sarcoidosis 3 0.25
Polymyositis 3 0.25
Syphilis 3 0.25
Dermatomyositis 1 0.08
Polycythemia vera 1 0.08
Neurofibromatosis 1 0.08
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1.5.2 Factors Associated with CTS Related to the Wrist
These may be considered in three groups:
Table 1.18: Factors associated with CTS related to the wrist
Factor
Occupation
Acute Trauma
Author (Year)
Ahlborg et al (1982)
Armstrong & Chaffin (1979)
Birkbeck & Beer (1975)
Bovenzi et al (1980)
Cannon etal (1981)
Falck & Aamio (1983)
Hoffman & Hoffman (1985)
Jarvinen & Kuorinka (1979)
Kasdan 1987 (1987)
Margolis & Kraus (1987)
Masear et al (1986)
Nathan et al (1988)
Posch & Marcotte (1976)
Punnettetal (1985)
Rothfleisch & Sherman (1978)
Silverstein et al (1987)
Tountas et al (1983)
Aro et al (1988)
Bergfield et al (1983)
Faithfull & Wallace (1987)
Inglis (1980)
Lynch & Lipscomb (1963)
Local Inflammation Bailey & Bolton Carter (1955) 
Lazaro (1972)
Williams & Geer (1963)
Occupation:
A number of authors, (Tountas et al, 1983; Birkbeck & Beer, 1975; Punnett etal, 1985; 
Falck & Aamio, 1983; Jarvinen & Kuorinka, 1979; Cannon et al, 1981) have reported that 
certain occupational factors appear to be associated with CTS. Varying proportions of 
groups of CTS sufferers attribute their condition to their occupation, (table 1.19).
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Table 1.19: Proportions of Groups of CTS Sufferers Who Link Their 
Condition With Their Occupation:
Total number of 
CTS sufferers 
reviewed
Percentage linking Author 
CTS to their job or 
occupation
(Year)
507 34.7 Tountas et al (1983)
1201 36.0 Posch & Marcotte (1976)
658 79.0 Birkbeck & Beer (1975)
994 39.7 Kasdan (1987)
Two types of occupation appear to be implicated. Firstly, there are those which are 
characterised by extreme use of the hands. Jobs requiring highly repetitive movements, 
high levels of force, prolonged pinching or grasping, extremes of wrist posture or direct 
pressure over the carpal tunnel fall into this category. Secondly, there are jobs involving 
the use of hand held vibrating tools.
Manual Work Without Vibrating Tools:
A number of different work elements have been identified as being associated with CTS. 
These include repetitiveness of wrist hand and finger movements, extremes of wrist 
posture, prolonged pinching and grasping movements and pressure directly over the carpal 
tunnel. Many types of manual work involve combinations of these elements. Bearing in 
mind the biomechanical factors mentioned earlier it is conceivable that such manoeuvres 
are likely to compromise the median nerve.
Both Punnett et al, (1985), and Jarvinen and Kuorinka, (1979), noted an increased 
prevalence of CTS in certain occupational groups whose jobs involve repetitive 
movements of the hand and wrist as compared with other occupational groups (table 1.20).
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Table 1.20: The figures below relate to the prevalence of CTS amongst
various groups of workers
Subjects N CTS sufferers, (%) Author (Year)
Garment Workers * 
Hospital Employees
Factory Workers * 
Shop Assistants
162 27 (18.0)**
73 4 (6.0)
152 4 (3.8)
133 0 (0.0)
Punnett et al,
(1985)
Jarvinen & Kuorinka, 
(1979)
* These jobs involved repetitive movements of the hands, wrists and fingers.
** Rate ratio = 3.0, P<0.02
Falck and Aamio, (1983), examined 17 out of a total of 19 butchers who worked at two 
slaughterhouses. Nine, (53%), were diagnosed as suffering from CTS and a further 3, 
(18%), showed sensory conduction abnormalities of the median nerve but were 
asymptomatic. In most of them, the condition seemed to be worse in the left hand which is 
generally used to lift, hold and tear the meat. (Prolonged grasping movements appear to be 
implicated).
Masear et al, (1986) highlighted a high incidence rate of employees undergoing carpal 
tunnel release operations in a meat packing plant. In a twelve year period, 14.8% (117 out 
of 788) employees had undergone this operation. Again it was suggested that highly 
repetitive motions involving extreme wrist positions, especially flexion and ulnar deviation 
while grasping contributed to the development of CTS in this industry.
Margolis and Kraus (1987), surveyed 1,087 supermarket checkout operators using a postal 
questionnaire. The prevalence rate of CTS symptoms appeared to very high, (62.5%). 
However, it should pointed out that information collected related to CTS symptoms. No 
confirmatory neurophysiological studies were carried out. The prevalence of CTS
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symptoms was greater amongst operators using laser scanners as compared with those who 
did not.
Armstrong & Chaffin, (1979) compared 18 CTS cases with controls who were employed 
to sew seat covers. The cases and controls were matched for job. There were no significant 
differences between the two groups with respect to hand dimensions. However, analysis of 
EMG and Video recordings, indicated that there were a number of differences between the 
two groups with respect to the forces exerted in various hand positions and the proportion 
of time spent in certain of these positions, (see below). In this situation, it is not possible to 
determine whether the differences might be a cause or effect of suffering from CTS.
Table 1.21: Differences between forces exerted and wrist postures of
CTS cases & matched controls employed in sewing seat covers.
Cases (N=18) Controls (N=18)
Average force exerted in all 
hand & wrist positions (kp) 4.3 ±3.5 3.8 ±3.2
Average pinch force (kp) 4.5 ±3.5 3.8 ±2.8
Percentage of time using 
pinch positions 32.3 26.3 **
Percentage xrf time wrist 
extended 59.1 43.9 **
Average force - wrist extended 4.1 ±3.1 3.8 ±3.0
Average force - wrist neutral 4.1 ±3.3 3.8 ±3.1
Average force - wrist flexed 5.4 ±4.2 3.9 ±3.8
* Significant difference P< 0.05 using paired t-test
** Contingency analysis showed significant association between variable and subject class, (P< 0.05) 
*** Hand positions - Neutral = + 15°; Flexed = > +15°; Extended = > -15°
(From Armstrong & Chaffin, 1979)
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Hoffmann & Hoffmann, (1985) report a case study of an individual developing CTS 
following unaccustomed use of a semi-automatic staple gun. Repetitive and forceful 
movements, often with wrist deviations and also direct pressure over the median nerve are 
factors that can be identified in this case as probably compromising the median nerve.
Nathan et al, (1988) demonstrated impaired sensory conduction abnormalities in groups of 
workers (471 from 27 different occupations in four industries). Sensory conduction 
abnormalities were determined by performing serial stimulation over 1cm segments of the 
median nerve according to the method of Kimura, (1979). Patients were deemed to be 
’abnormal* if the difference between adjacent 1cm segments was greater than 0.4 
milliseconds. (This limit being established for a group of normal individuals). The 
occupations of the workers were classified into five groups depending on their 
repetitiveness. The prevalence of these conduction abnormalities was greater in the groups 
classed as highly repetitive, (61%) compared with the low repetitive group (28%). It 
should be stressed however, that the abnormalities referred to in this study did not 
necessaily relate to any symptoms of carpal tunnel syndrome. Whilst the authors suggested 
that their method for demonstrating sensory conduction abnormalities was sensitive, 
specific and accurate for confirming CTS in the presence of clinical symptoms, 
reservations are expressed here about the specificity of this as a diagnostic test. No details 
are given concerning the proportion of the workers who were symptomatic.
Silverstein et al, (1987), carried out a Cross-Sectional study of 652 workers from 39 jobs at 
seven different industrial sites. Videotape and EMG recordings were made and physical 
examinations were undertaken. Other information was collected using questionnaires. 
Each job was classified into one of the following four categories: Jobs involving low 
forces and low rates of repetitiveness, (LOF.LOR); jobs involving high forces and low 
rates of repetitiveness, (HIF.LOR); Jobs involving low forces and high rates of 
repetitiveness, (LOF.HIR) and finally jobs that were highly repetitive and highly forceful, 
(HIF.HIR). The prevalence rates of CTS in these populations were compared:
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Table 1.22: Prevalence of CTS amongst different occupational groups:
Exposure Group
LOF.LOR HIF.LOR LOF.HIR HIF.HIR
CTS Sufferers ** 1 2 3 8
Non-Sufferers 156 193 140 149
Percent CTS 0.6 1.0 2.1 5.6
Crude Odds Ratio 1.0 1.6 3.3 8.4
Plant Adjusted OR 1.0 1.8 1.9 14.3
* LOF.LOR - Low force-low repetitive jobs; HIF.LOR - High force-low repetitive jobs; LOF.HIR - Low force-high repetitive jobs; 
HIF.HIR - High force-high repetitive jobs. ** Cases were diagnosed from signs and symptoms recorded at interview and physical 
examination. No neurophysiological studies were undertaken.
(From Silverstein et al, 1987)
Multiple logistic regression analysis was performed - it was discovered that when 
controlling for potential confounders, the odds ratio for highly forceful and repetitive jobs 
was over 15 as compared with jobs that required low forces and levels of repetitiveness. 
High repetitiveness was considered to be a greater risk factor than high forcefulness.
A number of investigations reported above, concern the study of specific occupational 
groups. There is thus a potential for bias in selecting which groups are to be studied. An 
additional source of bias relates to the choice of the tasks to be considered. Whilst a 
difference between two occupational groups regarding the prevalence of CTS may be 
evident, it cannot be assumed that this is only due to differences in the tasks performed by 
the hands. Any two groups are likely to differ with respect to various facets of their jobs. It 
may be possible that certain of these other factors are also associated with CTS.
Information regarding work related factors, collected by means other than direct 
observation, (e.g. interview or self administered questionnaire), may be subject to recall 
bias. A heightened awareness of tasks that have become difficult or a need to search for the 
cause of their condition may lead to certain tasks being more commonly reported by cases.
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Manual Work with Vibrating Tools
In a case-control study, Cannon et al, (1981), compared 30 CTS sufferers with 90 age 
matched controls all of whom worked in an aircraft motor assembly plant:
Table 1.23: Data concerning the proportions of workers in an aircraft motor assembly
plant, (with and without CTS), who use vibratory tools:
Group N Number, (%) Using Odds Ratio Probability
Vibratory Tools
CTS Sufferers 30 21(70.0) 13.8 p<0.01
Controls 90 13 (14.4)
(From Cannon et al, 1981)
In another case-control study, Ahlborg et al, (1982) also demonstrated an association 
between CTS and the use of hand held vibrating tools. They reported that there seemed to 
be a dose response relationship. Also that those who used vibrating tools for greater than 
25% of their working day were over twelve times as likely to be suffering from the 
syndrome. Whilst conditions such as vibration white finger are well doccumented, 
(Ahlborg et al, 1982), CTS may go undiagnosed in the workplace.
Table 1.24: Manual Work and Vibration - Results of a Case-Cntrol Study:
Case /  Control Non-Manual Manual Work Manual Work TOTAL
Work Without With Vibrating
Vibrating Tools Tools
Case 14 42 46 88
Control 64 98 42 140
Relative Risk 1.0 ; 2.0 5.0 2.9
(From Ahlborg et al 1982)
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Rothfleisch and Sherman, (1978), investigated 16 workers in an automotive assembly 
plant. Each of the workers used vibratory tools. The grip areas of which were not padded. 
All but one worked either in the body assembly department or the chassis assembly 
department.
An epidemiological survey of shipyard workers, (Bovenzi et al, 1980), demonstrated that 
the prevalence of tingling and numbness was much greater for caulkers than a control 
group of electricians and welders who did not use vibrating tools. Information regarding 
these symptoms was collected using a questionnaire.
Table 1.25: The Prevalence of Finger Tingling and Numbness in Shipyard Workers: 
Symptom Caulkers (N=169)* Controls (N=60)**
Finger Tingling 133 (78.7) 12 (20.0)
Finger Numbness 73 (43.2) 4 (6.6)
* Caulkers use three sizes of pneumatic grinders and a chipping hammer for a total of 5-6 hours per eight hour shift.
** Controls were electricians, welders and other workers who did not use vibrating tools.
(From Bovenzi et al, 1980)
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Acute trauma of the Musculoskeletal Tissues
Carpal tunnel syndrome as a consequence of a Colles fracture has been noted in the past, 
(Lynch & Lipscomb, 1963). Of approximately six hundred cases of colles fractures treated 
over a ten year period, CTS developed in 20 extremities, (19 patients). The time lapse 
between the initial fracture and and the onset of symptoms was between a few hours and 
about three months. In only two cases did the syndrome develop a number of years 
afterwards, (19 and 24 years after following the initial fracture).
Aro et al, (1988), reported that 8% of a group of 166 patients with Colles’ fractures 
subsequently developed late compression of the median nerve. Patients who did not 
experience nerve complications had a lower rate of malunions.
In rare instances, (none experienced in the study mentioned above), the symptoms appear 
immediately after the fracture. In these cases it is understood that the nerve is caught 
directly between two bones, (Bergfield et al, 1983; Inglis, 1980).
A case report involving the traumatic rupture of the median artery following a 
hyperextension injury to the wrist was reported by Faithfull & Wallace, (1987). At surgery, 
the median nerve was found to contain an intraneural haematoma. The authors recognise 
that such hyperextension injuries are relatively common and suggest that the rarity of such 
intraneural pressures may possibly due to a congenitally weakened median vessel wall.
Local Inflammation
Case studies of acute episodes of CTS secondary to pyogenic infections to the forearm, 
(Williams & Geer, 1963), and hand, (Bailey & Bolton Carter, 1953), have previously been 
reported. In these cases, pus, and inflammation are identifiable factors which may increase 
the pressure on the median nerve.
Lazaro, (1972) reported a case study relating to the development of CTS following an 
insect sting. Again inflammation and oedema appeared to be the main factors responsible.
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1.5.3 Other Factors Associated with CTS
This third group represents factors which are generally systemic in nature but do not 
necessarily represent clinical diseases. The factors are listed in the table 1.26.
Gynaecological Surgery
Cannon et al, (1981), compared 30 CTS patients with ninety matched controls all of whom 
were workers at an aircraft manufacturing company. Both the use of vibratory hand held 
tools (mentioned earlier) and a history of gynaecological surgery, (specifically 
hysterectomy with oophorectomy), were strongly associated with CTS.
Table 1.27: The proportions of two groups of women who had undergone
hysterectomies with bilateral oophorectomy:
GROUP N Number (and percentage of total in group)
who have undergone hysterectomy with 
bilateral oophorectomy.
CTS sufferers 27 10 (37.0%)*
Controls 81 5 (6.2%)
The groups consisted of 27 CTS sufferers and 81 age matched controls all of whom worked for an aircraft engine manufacturing 
company.
(From Cannon et al, 1981)
* (P<0.001)
Bjorgqvist et al, (1977), studied various electrophysiological parameters in 32 women 
before and after major gynaecological surgery. Although no changes in maximum nerve 
conduction velocity were apparent, 3 of the twenty women who had undergone 
ovariectomies developed subjective symptoms and electrophysiological signs of CTS 
within a few months of surgery.
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Table 1.26: Other Factors Associated with CTS:
History of Gynaecological Surgery 
Inherited Factors
Medication
Menopause
Pregnancy
Premenstrual Syndrome 
Sex
Low Vitamin B6 Status
Bjorgqvist et al (1977)
Cannon et al (1981)
Danta (1975)
Fowler et al (1986)
Gray et al (1979)
Karpati et al (1974)
Clemmensen et al (1984)
Howard (1982)
Sabour & Fadel (1970)
Sikka et al (1983)
Arndt & Brug (1981)
Dieck & Kelsey (1985)
Posch & Marcotte (1976)
Ekman-Orderberg et al (1987)
Goni et al (1987)
Gould & Wissinger (1978)
Voitk et al (1983)
Wilkinson (1960)
Wood (1960)
Dalton (1984)
Birkbeck & Beer (1975)
Graham (1983)
Phalen (1970)
Ragi et al (1981)
Tountas et al (1983)
Yamaguchi et al (1965)
Amadio (1985)
Byers et al (1984)
D’ Souza (1985)
Del Tredici et al (1985)
Ellis et al (1976,1977,
1979,1982,1987)
Folkers (1978)
Folkers (1984)
Hamfelt (1982)
Harter et al (1988)
Kasdan (1987)
Salkeld & Stotz (1985)
Scheyer & Haas (1985)
Shizukuishi et al (1980)
Smith et al (1984)
Wolaniuk et al (1983)
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Inherited Factors
Gray et al, (1979), reports of a study concerning a primary familial type of bilateral CTS. 
Family pedigree suggested an inheritable disorder transmitted by an autosomal dominant 
gene with a high degree of penetrance. Nineteen of the total of 43 living members of a 
family suffered from the syndrome, (there was thus a 44% prevalance amongst the living). 
None appeared to be suffering from any kind of classifiable collagen disease. Also, no 
association between CTS and a histocompatability antign or halotype was evident.
Fowler et al, (1986), reported on another family group of whom 5/7 had CTS. They 
suggested that this striking predisposition to CTS may be the result of the geometry of the 
carpal tunnels in these individuals. Danta (1975), mentioned that non-specific thickening 
of the transverse carpal ligament seems to be a feature of familial caipal tunnel syndrome.
However, underlying disorders should not be dismissed. Karpati et al, (1974), refers to a 
case of multiple peripheral nerve entrapments occurring in three brothers all of whom had 
CTS. It transpired that they were suffering from an unusual variant of the Hunter 
syndrome, (Mucopolysaccharidosis II).
Medication
Case studies, (Sikka et al, 1983; Howard, 1982; Clemmensen et al, 1984), have been 
reported in the literature indicating that certain drug preparations appear to have 
precipitated episodes of CTS. The symptoms appear to clear up when therapy with the 
suspected drug is stopped, (table 1.28).
The use of oral contraceptive preparations may also represent a source of concern. Sabour 
and Fadel, (1970), report findings concerning 62 women who were all diagnosed as 
suffering from CTS. All the women were taking oral contraceptive preparations. Their 
symptoms improved when they stopped taking the pill. After a few months, fifteen of the 
women concerned began to take the ’pill’ again and the symptoms of CTS reappeared.
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Table 1.28: Drug Preparations Reported to Have Precipitated Episodes of CTS:
DRUG Condition(s) being treated Author, (Year)
(Number of patients reported)
Danazol Endometriosis, (1) Sikka et al, (1983)
Disulphiram Alcoholism, (1) Howard, (1982)
Thalidomide Discoid lupus erythematosis/
Prurigo nodularis, (3) Clemmensen et al, (1984)
Menopause
Dieck and Kelsey, (1985), suggest that women around menopausal age are at an increased 
risk of developing CTS. In their study, 30 out of a total of forty women, (75%), were 
surgically treated for CTS from five hospitals in a two year period were in their fifth 
decade. Arndt and Brug, (1981), state that there is an unexplained predominance of CTS 
sufferers who are female and of peri- or post-menopausal age. In the study by Yamaguchi 
et al, (1965), 85% of the CTS sufferers reviewed were older than 45 years of age. Sixty 
five percent of the total group were females. It would be interesting to discover the exact 
proportion of the total group who were women of peri- and postmenopausal age.
7.4% of a group of 1,201 CTS sufferers were women experiencing symptoms of the 
menopause, (Posch & Marcotte, 1976).
Pregnancy
Paraesthesia and CTS have been noted to occur in women during pregnancy, (Wilkinson, 
1960; Wood, 1961; Voitk et al, 1983; Ekman- Ordeberg et al, 1987; Goni et al, 1987; 
Gould & Wissinger 1978). A number of studies, (listed in table 1.29) have interviewed and 
examined groups of women in maternity units regarding sympotoms of CTS. It is 
interesting to note that the prevalence of symptoms appears to vary between 2.3 and 
24.9%. This variation may be due in part to the criteria used to diagnose CTS.
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Table 1.29: Prevalence Rates of CTS Amongst Groups of Pregnant Women:
Total Number 
of Women
CTS Sufferers Author 
Number
(Rate per 10,000)
(Year)
100
1000
2385
200
21 (2,100) 
249 (2,490) 
56 (230)
5 (250)
Gould & Wissinger 
Voitk et al
Ekman-Orderberg et al 
Goni et al
(1978)
(1983)
(1987)
(1987)
A number of features regarding CTS during pregnancy have come to light. Firstly, it 
generally appears in the last trimester and gets progressively more severe. Remission 
usually occurs fairly soon after delivery, except for a small proportion of cases. For 
example, of the 14 pregnant women reviewed by Wilkinson, (1960), in only two did the 
symptoms persist for greater than a month after birth. The symptoms cleared completely in 
four of the mothers in the study within 48 hours of delivery. Also, of the 21 women 
examined by Gould & Wissinger, (1978), only three did not improve after delivery.
Pregnant women with CTS appear to be more oedematous than non sufferers. For 
example, Voitk et al, (1983), noted that the rate of removal of rings, (because the fingers 
became oedematous and the rings felt tight), was twice as great amongst the symptomatic 
women compared with the asymptomatic ones. Also, Ekman-Orderberg et al, (1987) noted 
that all the CTS sufferers in their survey were suffering from generalised oedema.
Total body water increases during pregnancy. Hytten et al, (1966), demonstrated that 
between 10 and 38 weeks gestation, women with no clinical oedema gained an average of 
6.84 kg, women with oedema of the legs 7.19kg and women with generalised oedema 9.80 
kg body water. It is possible that oedema of the tissues in and around the carpal tunnel may 
be responsible for the development of CTS in these women.
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Premenstrual Syndrome
According to Dalton, (1984), premenstrual syndrome is characterised by the presence of 
various symptoms in the premenstruum which are absent in the postmenstruum. The list of 
symptoms which are commonly reported is fairly long and these may occur in different 
combinations and varying degrees of severity. Dalton mentions that paresthesia of the 
hands and feet is common amongst those women with PMS who also experience water 
retention and symptoms of weight gain and bloatedness. Although the symptoms, 
(including those of CTS), may initially be limited to the premenstruum, they may become 
more severe until they are present throughout the whole month. Figures concerning the 
prevalence or incidence of CTS amongst women who suffer from PMS are currently 
unavailable.
Sex
It is commonly reported in the literature that female CTS sufferers tend to outnumber male 
sufferers:
Table 1.30: Indicating the relative proportion of females in various groups of CTS
sufferers:
Number of CTS Percentage of Author (Year)
sufferers female sufferers
153 53 Graham (1983)
507 62 Tountas (1983)
658 76 Birkbeck & Beer (1975)
1215 75 Yamaguchi et al (1965)
379 75 Phalen (1970)
59 68 Ragi et al (1981)
Low Vitamin B6 Status
In the mid 1970’s it was suggested that vitamin B6 deficiency might be associated with 
CTS, (Ellis et al 1976). Between 1976 and 1984, Ellis and his co-workers reported findings 
concerning a number of CTS patients who were regarded as Vitamin B6 deficient and
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improved on B6 therapy, (Ellis et al 1976; Ellis et al 1977; Folkers et al 1978; Ellis et al 
1979; Wolaniuk et al, 1982; Folkers et al 1984).
Other reports have been published both supporting (D’Souza 1985; Hamfelt 1982; Del 
Trecici et al, 1985; Kasdan 1987; Salkeld and Stotz 1985) and rejecting (Scheyer and Haas 
1985; Smith et al, 1984; Amadio et al, 1985; Byers et al, 1984) an association between 
CTS and vitamin B6 deficiency or the use of vitamin B6 as a therapy for the disorder.
In section 1.6, the major findings of the above mentioned studies are presented, along with 
additional information concerning possible associations.
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1.5.4 Factors Showing No Association with CTS
A few other factors which were thought to be associated with CTS have been investigated. 
Vanwijk & Bouillenne (1986) found no association between major histocompatability 
complex antigens (HL-A types) and CTS. Rossi et al, (1984) found no association between 
nocturnal prolactin secretion and CTS. Also, Armstrong & Chaffin, (1979) found no 
significant differences between CTS and various external anthropometric measures of the 
hand and wrist.
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1.6 Low Vitamin B6 Status and CTS
Vitamin B6 or its active form pyridoxal 5’phosphate is a co-factor for over 50 different 
enzymes in the human body. It is implicated in most of the major metabolic pathways. 
Symptoms of clinical vitamin B6 deficiency involve the skin, mucosa and nervous system. 
(Further information concerning the role of vitamin B6 and symptoms of deficiency and 
excess are provided in Appendix II).
The Assessment o f Vitamin B6 Status
Vitamin B6 status can be asessed in a number of ways. The main methods are listed below 
and details about them can be found in Appendix n.
Table 1.31: Assays and Tests used to Evaluate Vitamin B6 Status:
1. Tryptophan Load Test
2. Blood B6 Measures
Serum (or plasma) pyridoxal 5’ phosphate 
Serum (or plasma) Vitamin B6 analogues
3. Enzyme Stimulation Measures
Usually Erythrocyte Glutamic Oxaloacteic Transaminase (EGOT)
Activity without added pyridoxal 5’ phosphate = Al 
Activity with added pyridoxal 5’ phosphate = A2 
% Deficiency = (A2 - Al) /  A2
% Activation or
% Stimulation = (A2 - Al) /  Al
EGOT index =A2/ A1
4. Urinary Measures 
Urinary 4-pyridoxic acid 
Urinary pyridoxal 5’phosphate
(For more details concerning these tests, see Appendix H)
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Research Reported by Ellis
The patients reviewed by Ellis and his colleagues, were deemed to be ’Vitamin B6 
deficient’ using an enzyme stimulation assay. This involved the measurement of the 
activity of a vitamin B6 dependent enzyme, (in this case Erythrocyte Glutamate 
Oxaloacetic Transaminase), with and without an excess of pyridoxal 5’phosphate (the 
active form of the vitamin). Specific enzyme activities and various ratios of activities can 
then be calculated, (e.g. % Deficiency, % Activation, see table 1.31). Some of the results 
for CTS patients and other groups considered to be ’normal’ are given below:
Table 1.32: The Specific Activities, SA, (fimoles pyruvate/hr/10  ^erythrocytes), and
percentage deficiencies of EGOT measured from blood samples of CTS 
sufferers and healthy individuals.
Description of 
Subjects
N S A EGOT %Deficiency Author (Year)
Athletes 24 0.39+/-0.09 11+/-6 Kishi et al (1975)
Students 25 0.38+/-0.06 12+/-7 Kishi et al (1975)
CTS Patients 10 0.27+/-0.06 27+/-3 Ellis (1976)
CTS Patients 7 0.31+/-0.10 23+/-11 Ellis et al (1982)
CTS Patients 6 0.21+/-0.08 29+/-10 Wolaniuk et al (1983)
Whilst there were obvious differences between the CTS sufferers and the other groups, it 
should be pointed out that athletes and students are not perhaps the most appropriate 
population with which to compare CTS sufferers. Secondly, Azuma et al (1976) from the 
same research group and using this assay, demonstrated an apparent deficiency of this 
vitamin in individuals who were regarded as normal controls. It is not quite clear from 
these studies exactly what ought to be regarded as ’normal’ and ’deficient’.
There are a number of methods of assaying vitamin B6 , (Appendix II) and it should be 
noted that the method that Ellis et al, (1976), used has a number of disadvantages.
Initially ten patients were reported on, (Ellis et al, 1976). All the CTS patients were treated 
with 300mg pyridoxine hydrochloride (Vitamin B6) daily. Symptomatically, only one
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patient did not improve, all the rest showing some improvement and four were 
assymptomatic at the end of the study period. No electrophysiological data was collected.
Subsequently eleven CTS patients were reported on, (Ellis et al, 1977). Initially patients 
were required to rate their symptoms on a scale of 0 to 5. In all, seventeen different 
symptoms were reported. The mean score per patient was 47.7 + 11.6. Six patients were 
then treated with vitamin B6. After six weeks of treatment the mean symptom score had 
fallen to 27.5 + 18.4. At eleven weeks, their symptom scores had fallen further to 12.5 + 
6.3.
The different symptoms experienced by the patients in the two studies referred to above 
are listed below.
Table 1.33: Symptoms Experienced by 21 Patients Reviewed by Ellis et al, (1976; 1977)
Paraesthesia of the hands 21
Morning stiffness of the fingers 19
Impaired finger flexion 20
Transitory nocturnal paralysis of arm & hand 14
Pain in hands 19
Painful shoulders 18
Painful adduction /  rotation of thumbs
at metacarpophalyngeal joint 14
Weakness of hand grip 19
Nocturnal muscle spasms in the extremities 16
Pain or stiffness in knees 14
Fluctuating oedema in hands 19
Impaired sensation in fingers 12
Tenderness over carpal tunnel with Tinel &
Phalen signs 9
Dropping of objects 13
Paraesthesia - cheek or face 6
Painful elbows 7
Fluctuating oedema - feet and ankles 11
Amadio, (1987) suggested that the patients characterised by the symptoms listed above 
were possibly suffering from a syndrome other than CTS, which was responsive to vitamin 
B6 therapy. Objective physical findings associated with CTS were not always documented
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in the patients treated by Ellis. Also, the symptoms reported by those who apparently 
responded included areas other than the wrist and hands.
Next, a crossover treatment study was reported, (Folkers et al, 1978; Ellis et al, 1979). It 
only concerned one patient, treated with 2mg vitamin B6 daily, lOOmg daily, a placebo 
and then lOOmg/day for 11 week periods. Whist symptoms improved on the 2mg/day 
regime, on lOOmg per day there was even greater improvement. Negligible changes in 
latency and conduction velocities occurred. Pinch strength and range of movement of the 
proximal interphalyngeal joint appeared to improve on therapy and were related to the 
vitamin B6 status.
Later, a double blind study involving seven CTS patients was undertaken, (Ellis et al, 
1982). Four patients took a placebo and three took lOOmg vitamin B6 daily for 12 weeks. 
After the 12 weeks, the placebo group were put on vitamin B6 therapy but this was not 
done blindly. Improvements in symptom scores were evident, (table 1.34). No follow up 
electrophysiological studies were performed. Four out of the five patients who underwent 
electrophysiological investigations had latencies of >5msec (motor) or >4msec (sensory), 
providing objective evidence of median nerve abnormalities:
Table 1.34: Mean Symptom Ratings for Groups of CTS Sufferers Treated with
Vitamin B6 and Placebo for about 12 Weeks.
Treatment N Mean Ratings( 14 Symptoms)
Control, Before treatment 7 49+/-9
Placebo 4 53+/-10
B6, (blind) 3 6+/- 3
B6, (open) 4 14+/- 4
(A rating of 0-5 for each symptom was given and the total were then calculated).
(From Ellis et al, 1982)
Finally, a double blind study involving more comprehensive electrophysiological tests was 
reported (Wolaniuk et al, 1983). Again, only a small number of patients were included.
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Three were treated with vitamin B6, and three with a placebo. Only the vitamin treated 
patients showed improvements in latencies and conduction velocities.
It is of some interest that after vitamin B6 therapy, the % Deficiency is not only restored to 
levels that are considered ’normal’ but are increased well above this level. For example, 
bearing in mind that using this assay, control individuals have been shown to have 
deficiencies of 11-12%, it is clear that deficiency levels of patients on vitamin B6 therapy 
are much lower than this:
Table 1.35: The Vitamin B6 Status of CTS Patients Undergoing Vitamin B6 Therapy:
CTS Patients (N=10)
Before Treatment 
After 2 weeks 
After 4 weeks
c
* umoles pynivate/hr/10 
(From Ellis et al 1976)
SA* of EGOT 
mean +/- sd
0.27+/-0.06
0.42+/-0.09
0.45+/-0.09
%Deficiency 
mean +/- sd
26.8+/-3.4
1.6+/-4.5
0.3+/-6.5
Studies Supporting the Association Between Vitamin B6 Deficiency & CTS 
In addition to the studies referred to above, a number of other studies have suggested that 
CTS is associated with low vitamin B6 status or alternatively that CTS responds to vitamin 
B6 therapy.
D’Souza (1985) reported that of 19 CTS patients treated with Vitamin B6, (100 - 200mg 
daily), 16, (84%) responded with complete remission in a three month period. No 
neurophysiological tests were reported and no assessment of vitamin B6 status was 
undertaken.
Hamfelt, (1982), determined the plasma level of pyridoxal 5’phosphate, (the active form of
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vitamin B6), in one CTS patient and found it to be low. In an additional twenty five other 
cases of CTS, (some were reported to be suffering from ’tarsal tunnel syndrome’ as well), 
B6 levels were found to be ’in the lower range’. These patients were treated with 
pyridoxine therapy and recovery was confirmed electromyographically. No information 
about additional treatments such as splinting, injections or diuretics is given.
Del Tredici et al, (1985), treated two groups of CTS patients. Dependng on their size, they 
were given either 150 or 300 mg of pyridoxine hydrochloride daily. Improvements in their 
symptoms and distal motor latencies were evident on testing at two and four months. 
Details are given in tables 1.36 and 1.37.
Table 1.36: Differences in Symptom Scores Before and After Treatment
with Vitamin B6 for CTS patients :
Treatment Regime N
150mg/day 
300mg /  day
16
8
SYMPTOM SCORE 
initial two months four months
mean + sd mean + sd mean + sd
23 + 12 
27 + 12
12+10
1 7 + 5
6 + 6 
1 2 + 5
* Patients responded to a self assessment questionnaire. They were required to numerically rank he severity of their symptoms, using 
a standardised list of symptoms. The total numerical score is reported as the symptom score. The two month and four month values 
were significantly different (p<0.001).
(From Del Tredici et al, 1985)
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Table 1.37: Differences in Distal Motor Latencies (ms) Before and After Treatment
with Vitamin B6 for CTS patients :
Treatment Regime N Distal Motor Latency
initial two months four months
mean ± sd mean ±  sd mean ± sd
150mg/day 16 5.3 ±0.9 4.5 ±1.0 4.4 ±1.0
300mg /  day 8 6.2 ±1.8 4.9 ±1.6 4.6 ±1.2
* The two month and four month values were significantly different (jxO.OOl).
(From Del Tredici et al, 1985)
None of the above patients were assessed for their vitamin B6 status.
Kasdan, (1987), reported details of treatment with vitamin B6. In a twelve year period, 994 
patients with CTS were reviewed. Prior to 1980, satisfactory alleviation of symptoms was 
achieved for 14.3% of the 500 patients treated using conservative treatment This included: 
splinting, anti-inflammatory agents, job or activity change or steroid injections. After 
1980, with the introduction of vitamin B6 therapy as part of the conservative treatment 
regime, 68% improved satisfactorily. Whilst these results appear encouraging, the 
temporal separation of the two groups means that there could be other explanations for the 
differences. Again, no assessment of vitamin B6 status was carried out.
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Salkeld & Stotz (1985) assessed the vitamin B6 status of 61 patients with CTS. They were 
classed in the following groups:
Table 1.38: Classification of Vitamin B6 Status According to Salkeld & Stotz, (1985):
EGOT0* EGOTa  **
Deficient < 230 > 2.00
Marginal 230-300 2.00-1.80
Adequate 301-400 1.79-1.60
Optimal >400 <1.60
* - EGOTq = basal enzyme activity in arbitrary units. ** - EGOTa  = is the ratio of EGOT activity after stimulation with added 
pyridoxal 5* phosphate to EGOT enzyme activity without stimulation.
(From Salkeld & Stotz 1985)
Only patients who were classified as ’marginal* or ’deficient’ were then treated with 
vitamin B6, (lOOmg pyridoxine hydrochloride daily for up to 12 weeks). It is interesting to 
note that there were no marked differences between the patients who were classified as 
’adequate’ or ’optimal’ and those who were ’marginal’ or ’deficient’, in terms of the 
individual symptoms or neurological findings.
After twelve weeks the severity of the condition of all 23 patients had improved, (table 
1.39) judging by the number of symptoms reported. It is interesting that no details are 
given regarding what these symptoms were. However, it is clear that the patients did 
improve. Again, the absence of a control group is to be noted. It is somewhat interesting to 
speculate as to whether those patients who were regarded as ’optimal’ or ’adequate’ might 
have improved on the vitamin B6 therapy.
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Table 1.39: Number of clinical symptoms in patients treated with vitamin B6:
initial six weeks twelve weeks
Number of Symptoms 
mean + SD 9.9+ 2.1 6.2 + 2.0 2.8 + 2.5
(N) 23 21 19
> 7 symptoms (%) 
4-7 symptoms (%) 
0-3 symptoms (%)
91
9
0
33
62
5
0
53
47
(From Salkeld & Stotz 1985)
Studies Not Supporting the Association Between Vitamin B6 and CTS 
Scheyer and Haas, (1985), treated 13 patients with vitamin B6 (300mg/day pyridoxine 
hydrochloride for 6 weeks then lOOmg/day thereafter). They reported that the sensory 
nerve conduction velocities of the median nerve showed insignificant changes at follow up 
examinations as compared to the initial values. (Their results are somewhat difficult to 
interpret and a typing error is suspected). No reports regarding the severity or number of 
the symptoms experienced by these patients was given. In addition no vitamin B6 status 
assessment was undertaken.
In an earlier study, Smith et al, (1984) reported on a group of five CTS patients who had 
their vitamin B6 status assessed. All patients had normal levels of serum pyridoxal 5’ 
phosphate and their EGOT status was all ’within normal levels’ (using the method of 
Williams et al, 1976 - see Appendix II).
Three patients improved symptomatically after Vitamin B6 therapy, (lOOmg pyridoxine 
hydrochloride daily). Electrophysiological measures and EGOT variables showed no 
consistent trend. This group is perhaps too small to draw any satisfactors conclusions.
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Amadio, (1985) treated 19 CTS patients with pyridoxine. None of these patients were 
regarded as clinically vitamin B6 deficient, but no vitamin B6 status assessment was 
undertaken. (In this study patients were regarded as vitamin B6 deficient if they showed 
signs of glossitis, stomatitis, sebhorrheic dermatitis or generalised peripheral neuropathy). 
A treatment regime of 200mg pyridoxine hydrochloride daily was implemented. Other 
forms of conservative treatment were also open to the patients including splinting and 
steroid injections. A few patients improved, however, some of these attributed the 
improvement to the use of splints or injections. Eventually 10 of the patients underwent 
surgical release of the transverse carpal ligament. Again no vitamin B6 status assessment 
or electrophysiological tests were performed.
Byers et al (1984) noted that previous studies had not used electrodiagnostic criteria to 
objectively determine the presence of CTS or rule out the possibility of peripheral 
neuropathy. Consequently four groups of individuals were investigated. They were 
classified according to electrodiagnostic criteria as being normal, suffering from CTS, 
suffering from peripheral neuropathy and finally suffering from peripheral neuropathy and 
CTS. The EGOT assay, was used to determine their vitamin B6 status. Significant 
differences were evident in terms of pyridoxine metabolic activity. However, this 
difference seemed to be associated with the presence or absence of peripheral neuropathy 
and not CTS.
It is worth pointing out that a number of patients were diagnosed as suffering from 
diabetes mellitus or chronic renal failure. Both these conditions have been associated with 
vitamin B6 deficiency, (Stone et al, 1975; Davis et al 1976). The proportion of patients 
suffering from these two conditions varied between the patients suffering from peripheral 
neuropathy (11/15; 73%) and those not suffering from peripheral neuropathy, (1/18; 6%):
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Table 1.40: Patients suffering from CTS and / or Peripheral Neuropathy:
Condition None CTS PN PN & CTS
(N=9) (N=9) (N=8) (N=7)
Diabetics 0 1 2 4
Chronic Renal Failure 0 0 3 2
Total (Both of the above) 0 (0%) 1(11%) 5 (63%) 6 (86%)
None = Neither CTS nor peripheral Neuropathy; CTS = Carpal Tunnel Syndrome; PN = Peripheral Neuropathy; 
(From Byers et al 1984)
As no control over these confounders (i.e. diabetes and renal failure) was exercised, the 
above results are open to question.
Additional Considerations
As yet no specific mechanism for the possible role of vitamin B6 in the development of 
treatment of CTS has been suggested. However, it is worth making a few points about the 
vitamin as it possibly relates to CTS.
Firstly it should be noted that some of the factors thought to be associated with CTS have 
also been associated with Vitamin B6 deficiency or alternatively have been treated using 
the vitamin.
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Table 1.41: Some Factors Associated with Vitamin B6 deficiency:
Factor
Diabetes Mellitus
Use of Oral Contraceptives
Author
Davis et al 
Theuer 
Bermond 
Luhby et al 
Anderson et al 
Hamfelt & Tuvemo 
Stone et al 
Anderson et al
(YEAR)
(1976)
(1972) 
(1982)
(1973) 
(1970) 
(1972) 
(1975) 
(1970)
Use of Oestrogens, (For HRT*) 
Pregnancy
Renal Failure 
Rheumatoid Arthritis
* HRT - Hormone Replacement Therapy
In addition successful treatment of premenstrual syndrome has been reported using vitamin 
B6, (Barr 1984; Kerr 1977; Abraham & Hargrove 1980).
Mason and Gullekson, (1959,1960) demonstrated that certain oestrogen conjugates, (both 
natural and synthetic oestrogens) have been shown to inhibit some vitamin B6 dependent 
enzymes in vitro. These included kynurenine transaminase, muscle phosphorylase a and 
aspartate aminotransferase, (Scardi et al, 1962; Mason and Gullekson 1959,1960). This in 
part may be responsible for alterations in vitamin B6 metabolism in women.
It has been reported that Ellis used vitamin B6 as a therapy * for oedema during pregnancy 
(Gaby 1984). Apparently, only 6 out of 225 women (2.7%) failed to respond. Some 
women lost up to 151bs water on this regime. It is also of interest that none of these women 
were told to take diuretics or restrict their salt intake.
1 . Using doses of 50 - 450 mg per day although some women required injections of the vitamin
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Kotake and Murakami, (1971) demonstrated that the potency of insulin is reduced when 
bound to xanthurenic acid which accumulates during vitamin B6 deficiency. (It is the 
measurement of urinary xanthurenic acid that is the basis of the tryptophan load test; see 
Appendix II)
Connective Tissue
Vitamin B6 has also been noted to play a role in the metabolism of connective tissue. The 
formation of collagen and elastin crosslinks is dependent upon lysyl oxidase which is 
thought to be a vitamin B6 dependent enzyme, (Prasad et al, 1983).
Rucker et al, (1985) suggested that the decrease in crosslink formation may be more 
complex than just a decrease in lysyl oxidase activity.
By investigating elastin crosslink formation in young rats, they showed that after 
conversion of lysine to allysine by lysyl oxidase, there was a block in one of the 
subsequent steps prior to crosslink formation. They also demonstrated that plasma 
concentrations of thiol (sulphur) containing amino acids increased in rats fed with a 
vitamin B6 deficient diet. It is known that thiol containing amino acids * such as 
methionine, homocysteine and cystothionine can form complexes at aldehydic functions 
and thus block crosslink formation.
In addition to reduced crosslink formation, it is also reported that there is an increase in 
collagen solubility in vitamin B6 deficiency, (Prasad et al 1983).
It is interesting to speculate whether these aspects of vitamin B6 deficiency might be 
sufficient to alter the volume or properties of connective tissues in the carpal tunnel and 
thus increase the pressure on the median nerve.
The biochemistry of vitamin B6 is most complex - as mentioned earlier, it is known to be a 
co-factor for over fifty different enzymes in the body. In deficiency states, it is important
1  . The plasma level of these amino acids is dependent upon other vitamin B6 dependent enzymes
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to consider not only the results of the reduced enzyme activity, but also secondary 
interactions involving metabolites which have accumulated as a result of this.
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1.7 Types of Epidemiological Study
Kelsey et al, (1986), give an example of the normal course of events in the determination 
of a causal relationship between a specific agent and a disease (table 1.42). The first steps 
often involve clinical observations. Next, descriptive epidemiological investigations may 
be performed involving the analysis of data from existing records. Thirdly, analytical 
epidemiological investigations which allow the quantification of the risk attributable to 
certain risk factors. They differ from descriptive investigations in that they involve the 
testing of a specific hypothesis. Finally, experimental epidemiological studies may be 
performed which allow the demonstration of the fact that the disease was actually caused 
by the risk factor in question.
Table 1.42: A common sequence in the discovery of a causal association between an 
agent and a disease:
1. Clinical observation of a possible causal association between a factor and 
a disease
2. Descriptive epidemiologic analysis establishing the association on a 
population level
3. Analytic epidemiologic studies establishing the association on an 
individual level
4. Experimental reproduction of the disease by the risk factor and /  or 
elucidation of the pathogenic mechanism of the factor in the disease
5. Observation that removal of the risk factor (or modification of the host 
response to it) decreases the incidence of the disease
(From Kelsey et al, 1986)
In view of the problems encountered in diagnosing CTS and assessing exposure to some of 
the risk factors, and considering the apparent multifactorial nature of the CTS, it is not 
surprising that whilst associations have been highlighted, it is still not possible to 
demonstrate specific causal relationships.
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The current evidence for the associations between the factors mentioned in sections 1.5.1 
to 1.5.3 and CTS comes from the first three stages outlined above: namely, clinical 
observations, descriptive epidemiological studies and analytical epidemiological studies.
1.7.1 Clinical Observations
Some of the potential risk factors have come to light as the result of little more than case 
studies reported in the literature. In addition, reviews of medical records have yielded 
some information but there is often a lack of control data with which to compare it. Such 
studies have included reviews of numbers of diseased individuals (CTS patients) of whom 
a proportion were characterised as being exposed to a particular risk factor, (e.g. suffering 
from diabetes mellitus or rheumatoid arhthritis). Alternatively, groups of individuals 
characterised by an exposure to a particular risk factor, (e.g. suffering from renal failure), 
have been reported of whom a proportion were diseased (suffering from CTS). It is clear 
that prevalence rates can be calculated from data collected in such a way. However, these 
are often of limited use if there are no suitable control data with which to compare it.
1.7.2 Descriptive Epidemiological Studies
These types of studies provide information on patterns of disease occurring in populations 
according to characteristics such as age, sex, race and marital status. These are generally 
derived from routinely collected sources of information, for example government statistics. 
As mentioned in section 1.3, there is a paucity of population data concerning CTS and 
consequently little in the way of descriptive data that has been reported.
8 6
1.7.3 Analytical Epidemiological Studies
These types of studies rely on the testing of a specific hypothesis. They generally fall into 
one of the following three categories: Incidence or Cohort studies, Prevalence or Cross- 
sectional studies and finally Case-Control studies.
Cohort Studies
These involve the comparison of two groups of individuals. The first group is characterised 
by the fact that all individuals are exposed to a particular risk factor, and the second group 
consists of non-exposed individuals. At the start of the investigation, all indivduals in both 
groups have to be free from the disease in question. The two groups are then followed 
over a period of time. At the end of that period, the number of individuals who have 
developed the disease of interest can then be determined. Incidence rates may then be 
calculated for both the exposed group and the non-exposed group, and these may be 
compared.
Cohort studies may be classified as either prospective or retrospective. Prospective studies 
involve the investigator characterising the two groups at the beginning of the study and 
then following their progress over a period of time. Alternatively, retrospective studies 
begin by the investigator identifying persons who were disease free at some point in the 
past (T 0) and were exposed to the risk factor of interest. Suitable controls may also be 
characterised in this way. Incidence rates of the disease in question are then calculated by 
determining the number of new cases of the disease between the reference point in the past 
(T 0) and the present.
Of the three analytical approaches, Cohort studies are generally thought to provide the 
most definitive information about disease aetiology, giving the most direct measurement of 
the risk of disease development
If performed prospectively, they can be expensive and time consuming, requiring a long 
term commitment of funds and dedicated personell.
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There have been no cohort studies investigating CTS and its associated risk factors 
reported in the literature.
Prevalence or Cross-Sectional Studies
This type of study attempts to examine the relationship between a disease and other factors 
as they exist in a defined population at one particular time. The presence or absence of 
disease and the presence or absence (or level if a continuous variable) of a factor of interest 
is determined for each member of the population or a representative proportion of i t  The 
relationship between the disease and the factor of interest can be investigated in two ways: 
usually the prevalance rates of the disease in the exposed and non-exposed groups are 
compared. Alternatively, the diseased and non-diseased groups can be compared in terms 
of the proportion exposed to the factor of interest.
For diseases with slow onsets, for which individuals do not often seek medical advice until 
their symptoms become severe, prevalence studies are often the most practical methods of 
investigation. It should be noted that it is the prevalence and not incidence of the disease 
under investigation.
A few prevalence studies have been undertaken with respect to the aetiology of CTS. 
Details are given in table 1.43.
All three were concerned with the investigation of any possible associations between 
occupation and various upper limb disorders including CTS, (or tingling and numbness in 
the case of Bovenzi et al, 1980). All three used particular occupational groups as sources 
of exposed and non exposed individuals. For the purposes of determining exposure to 
occupational factors, it is sensible to use groups of individuals who perform similar tasks, 
(Punnett et al 1981; Bovenzi et al 1980) or alternatively to make meticulous recordings in 
the workplace, (Silverstein et al, 1987).
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There also seems to be little consensus as regards diagnostic criteria for CTS No 
electrophysiological tests were performed and little objective data is available, this may be 
due in part to the problems of access to and portability of such machinery or that the 
researchers felt that such tests were of little use. In addition, a proportion of these cases 
may represent milder forms of the condition which may not necessarily be severe enough 
to be diagnosed using electrophysiological techniques. It is unlikely that more rigid 
diagnostic criteria would have any great effect on the overall findings.
Case-Control Studies
Individuals with a given disease (the cases) and individuals without the disease (the 
controls) are selected. The proportion of cases and controls with background 
characteristics or exposure to particular risk factors are then compared. Exposure odds 
ratios may then be calculated.
In general case-control studies require fewer and more readily accessible subjects than 
either cohort studies or cross-sectional studies. They are often the least expensive type of 
analytical study to undertake and for rare diseases they may be the only approach.
Details of five studies are given in table 1.44. The first two of these studies again centre on 
specific occupational groups and involve diseased and non-diseased individuals working in 
the same factory (Armstrong & Chaffin 1979; Cannon et al 1981). Again, there is no 
agreement in defining diseased individuals.
Armstrong & Chaffin (1979) included women who had undergone decompression surgery 
in their study. Complications can arise from such surgery (Blair 1988) and may lead to 
weakness of grip. Consequently it is difficult to determine to what extent any observed 
differences between the cases and controls are due to CTS or represent the sequelae of 
surgery.
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Another point of concern relates to the criteria used by Cannon et al, (1981) to define 
cases. They include persons who had received workers compensation or for whom 
compensation procedings were ongoing. However, without a detailed knowledge of the 
workers compensation system, it is not possible to know what their symptoms were and on 
what grounds other workers were refused compensation. In addition, no data are available 
indicating whether any of these patients had undergone surgery or whether any 
intervention regarding job design had occurred.
The last three studies, (Ahlborg et al, 1982; Dieck & Kelsey 1985 and Vanwijk & 
Bouilenne 1986) use hospital populations of CTS sufferers and other control groups. They 
define their diseased population as persons undergoing surgical release of the carpal tunnel 
at specific hospitals over specified time periods. This approach takes no account of the 
factors influencing the decision to operate. In only one of the studies mentioned were 
electrophysiological tests performed to confirm the diagnosis of CTS, (Vanwijk & 
Boulienne, 1986). This is a source of some concern as latency tests do not always precede 
such operations and also, recovery afterwards is still no guarantee that the initial diagnosis 
was correct.
Dieck & Kelsey (1985) used a group of women attending the same hospital facility as a 
control group. Although they had not undergone surgery for CTS, there was no evidence 
of an attempt to exclude any other women currently suffering from symptoms of the 
syndrome, (it should be made clear that this study was not designed specifically as a case- 
control study with CTS in mind). Similarly, Vanwijk & Boulienne, (1986) give no details 
as to how their control groups were deemed to be non-diseased.
The study by Ahlborg et al (1982), depended heavily on searching through hospital records 
and identifying cases and controls retrospectively. The reliability of these data is to be 
questioned.
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Comments
Although some experimental studies have been undertaken, these have generally involved 
small groups of individuals, for example the treatment studies involving vitamin B6. Such 
studies, (many of which have suffered from poor design) have already been mentioned in 
section 1.6.
The few prevalence and case-control studies mentioned above are probably amongst the 
only analytical epidemiological studies that have been reported.
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1.8 Summary
It is generally accepted that CTS is caused by pressure on, or irritation of the median nerve 
as it passes throught the anatomical confines of the carpal tunnel. The syndrome is 
characterised by a number of sensory and motor symptoms in the median nerve 
distribution of the hand.
For a diagnosis of CTS to be made, the appropriate symptoms should be present, 
(remembering that there are a number of other upper limb disorders with similar 
symptoms). In addition, some objective measure of median nerve function should be made, 
demonstrating that the abnormality is localised in the carpal tunnel. Whilst the diagnosis 
of CTS may possibly be considered more straightforward than for other upper limb 
disorders, a variety of different signs and tests for CTS have been reported. They vary 
widely in their specificity and sensitivity. This, together with the fact that different authors 
use different diagnostic criteria for their research studies and often give litde detail, makes 
comparison between studies difficult.
The available official data sources suggest that CTS is a relatively common disorder - It is 
estimated that the general practitioner consultation rate for patients with carpal tunnel 
syndrome (all ages) is about 1.4 per 1,000 at risk. In addition, it is likely that there is an 
element of under reporting. A particular source of concern is the occurrence of the 
condition in industry. Some studies have revealed strong associations between CTS and 
certain work related factors. Although difficult to quantify, it is likely that this costs the 
UK millions of pounds annually in terms of lost production, health insurance, 
compensation, treatment costs and sick pay. CTS is not a condition for which industrial 
injury benefit is awarded, unless preceded by tenosynovitis. This may be a reflection of 
the fact that it doesn’t occur exclusively in occupational settings and is associated with 
other factors.
In reviewing the literature, it is clear that a number of factors are thought to be associated 
with CTS. Whilst it is possible to identify some anatomical, histological and mechanical
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changes which appear to be responsible for the increase in pressure or irritation of the 
median nerve, the underlying causes of these changes are much less well understood.
The aetiology of CTS appears to be multifactorial. The factors of interest may be 
considered in three groups. Firstly there are those which include clinical, systemic diseases 
and disorders. Many of these are endocrine in origin and are probably associated with 
about 20-40% of the total number of CTS sufferers. Secondly, there are local factors 
involving the lower arm, wrist and hand. This group includes the manoeuvres of the hands, 
wrist and lower arm which have been shown to affect the median nerve. Finally there are 
other conditions which again are systemic in nature but which do not constitute the sorts of 
clinical diseases mentioned above, (for example: pregnancy, history of gynaecological 
surgery, side effects of certain medications and family history of the disorder).
Much of the evidence for the associations the hypothesized risk factors and CTS comes 
from clinical observations. However, whilst these highlight potential risk factors, it is only 
further analytical and experimental epidemiological studies that can quantify the risk 
attributable to them. Few analytical and no experimental epidemiological studies have 
been reported. The analytical studies have included only prevalence and case-control 
studies. No cohort studies have been reported and consequently any odds ratios and risk 
ratios reported have been calculated from prevalence rates.
Most of the prevalence and case-control studies have dealt with specific occupational 
populations. Whilst this obviously means that exposure to specific occupational risk 
factors can be determined more precisely, it gives little indication as to whether these 
factors are as prevalent in the general GTS population.
Some research suggests that vitamin B6 metabolism plays a role in the development of 
CTS. Whilst this is an encouraging development, certain fundamental questions remain to 
be answered.
Firsdy, there is some controversy concerning whether CTS patients or at least a proportion 
of them are indeed vitamin B6 deficient with respect to a healthy control population. If
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vitamin B6 deficiency is a risk factor, one might expect only vitamin B6 deficient patients 
to respond to B6 therapy.
Also, the symptom characteristics of certain patients who responded to vitamin B6 therapy 
has included areas other than the upper limb (e.g., pain and stiffness in the knees). It has 
been suggested that they were suffering from a syndrome different to CTS.
A number of authors report that vitamin B6 therapy appears to produce improvements in 
CTS sufferers, this is not evidence enough of deficiency. It should be noted that this 
therapy often includes high doses of vitamin B6. Indicators of vitamin B6 status are often 
raised as a result of such treatment to levels in excess of what is considered normal. It is 
interesting to speculate whether any theraputic effects of vitamin B6 might be experienced 
by any CTS sufferer on such high doses regardless of whether they were deficient to begin 
with.
Finally, no mechanism has been suggested for the possible role of vitamin B6 in the 
prevention or treatment of CTS. If vitamin B6 is implicated, it is important to establish 
what levels of the vitamin to administer in view of the possible side effects. In addition, it 
may be important to establish any long term side effects.
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1.9 Aims of the Reported Study
In reviewing the literature, it has become clear that there is a need for further analytical 
epidemiological studies to determine whether some of the factors mentioned are indeed 
associated with CTS. The discovery that vitamin B6 metabolism may play a role in the 
development or treatment of CTS has some major implications but as mentioned, certain 
fundamental questions remain to be answered. For example, it would be prudent to 
establish whether vitamin B6 deficiency is indeed associated with CTS, or whether it 
merely constitutes a therapy for the condition.
If an association between the syndrome and vitamin B6 deficiency exists, it is important to 
quantify the strength of this association.
It is apparent that the majority of persons suffering from CTS do not suffer from the 
systemic diseases and disorders mentioned in section 1.5 and 1.6. In addition, little 
epidemiological evidence is available suggesting that certain of the other factors are 
associated with CTS.
This thesis describes the results of a case-control study. It was undertaken to gain a better 
understanding of some of the factors thought to be associated with CTS. Special 
consideration has been given to the possible role of low vitamin B6 status as a risk factor. 
In addition, it was decided that the study should be designed to allow the findings to be 
applied to other populations of working age.
The general aims of the study are given below:
• To devise appropriate selection and matching strategies for the cases and controls 
to be included in the study.
• To devise methods of recording symptomology and exposure to the risk factors 
based on physical examination, interview, self administered questionnare (SAQ)
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and certain haematological tests.
To collect information (both qualitative and quantitative), by which the CTS 
patients may be characterised and allow comparison with other studies.
To test the hypothesis (Hj) that CTS patients are vitamin B6 deficient as compared 
with non-diseased individuals using an appropriate method of determining vitamin 
B6 status.
To test additional hypotheses concerning certain of the other potential risk factors 
identified in the literature. These risk factors are listed in table 1.46, and fall 
into three categories as outlined in sections 1.5.1 -1.5.3. The first group is systemic 
diseases, (e.g. Rheumatism and Arthritis), secondly there are factors related 
directly to the hands and wrist (i.e. work related factors) and finally there are 
other systemic factors of a systemic nature but which do not represent disease 
states, (e.g., use of oral contraceptives, family history of CTS). The approach has 
been taken to assume a (HQ - that no difference exists between the CTS patients and 
the control group with respect to the factor under consideration), and an 
alternative hypothesis (Hj - that a difference does exist between the two groups).
To determine whether significant differences exist between the cases and controls 
with respect to certain other symptoms which CTS patients have been reported to 
suffer from including oedema stiffness and impairment in finger flexion.
Table: 1.45: Variables of Interest in the Reported Study:
Aspects of Vitamin B6 Status:
Erythrocyte Glutamate Oxaloacetic Transaminase Assay:
EGOT Activity (with and without added vitamin B6) 
% Deficiency for EGOT 
% Activation for EGOT
Systemic Conditions:
History of Arthritis /  Rheumatism /  Wear & Tear 
Test for Rheumatoid Factor
Factors Related to the Hands and Wrists:
Work Related Factors:
Repetitiveness of Work 
Use of Vibratory Tools 
Forcefulness of Work 
Sports or Hobbies Involving the Use of the Hands 
History of Soft Tissue Injury of the Wrist or Hands
Other Factors Associated with CTS:
Use of Oral Contraceptives
Use of Replacement Hormones (for Menopausal Symptoms) 
History of Gynaecological Surgery 
Family History of CTS
Symptom Characteristics:
Impairment in finger flexion
Oedema
Stiffness
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2 Methods
The need for further analytical epidemiological studies has been highlighted in the 
previous chapter. The remainder of this thesis reports the findings of a case-control study 
undertaken to investigate the association between some of the hypothesized risk factors 
and CTS. Of particular interest was the possible role of low vitamin B6 status.
2.1 Choice of Epidemiological Study
Whilst both cohort and cross-sectional studies were considered, the case - control approach 
was taken for the reasons outlined below.
Firstly, it was recognised that financial, manpower and time restrictions precluded the 
possibility of a cohort study (Friedeman 1980).
Cross-sectional studies generally require relatively larger numbers of subjects than case- 
control studies. In addition, they often involve subjects from the general population 
(Kelsey et al, 1986). Identifying and interviewing patients in the general population was 
impractical because the specialised equipment necessary for a confirmatory diagnosis of 
CTS was not available. Also factors such as access to laboratory facilities required for one 
of the haematological tests and limited transport facilities suggested that this approach 
would be impractical.
Case-control studies generally require smaller sample sizes and are generally less 
expensive than cross-sectional studies.
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Limitations o f the Case-Control Approach
Each type of analytical epidemiological has its own limitations. Kelsey et al, (1986) refer 
to Sackett who listed a number of sources of bias and error in case-control studies. The 
most common concerns are listed below:
• Information on the potential risk factor may not be available from records or the 
study subjects memory
• Information concerning potentially confounding risk factors may not be available 
from either records or from the study subjects memory
• Cases may search for a cause for their condition and therefore be more likely to 
report exposure than controls
• The temporal relationship between the factor of interest and the disease may be 
unclear, thus making it difficult to establish whether the factor is a cause or an 
effect of the disease
• Identifying and assembling a case group representative of all cases may be unduly 
difficult
• Identifying and assembling an appropriate control group may be unduly difficult
The remainder of this chapter deals with the background to and details of the methods 
employed in this case-control study. Case selection is dealt with in three parts, relating to 
the choice of the source population, the rationale behind excluding certain groups of 
patients and lastly the diagnosis of the syndrome. Next, control selection is dealt with, in 
terms of the selection of the control population, the selection procedure and the matching 
strategy. Finally the methods of data collection and analysis are explained.
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2.2 Selection of Cases
In selecting cases, the source population must be established and an appropriate method of 
identifying diseased individuals determined.
2.2.1 The Source Population
MacMahon & Pugh (p 242:1970) state that there are two commonly used sources of cases
• All persons with the disease seen at a particular medical facility or group of 
facilities in a specified period of time
and
• All persons with the disease in a more general population, such as that of a city or 
county, at a point or in a period of time.
For this study the first of these sources was employed for the following reasons:
It would be difficult to identify persons in the general population with CTS.
Practical difficulties (e.g. transport, ensuring that an individual would be available to be 
interviewed and ensuring access to laboratory facilities) also prohibited the use of a general 
population.
A provisional diagnosis of CTS may be made without the benefit of electrophysiological 
testing. Such tests are only available to patients referred to major hospital facilities for 
further investigation or treatment Only these facilities have the specialised equipment to 
perform the relevant electrophysiological recordings.
The source population of the cases thus consisted of patients referred to outpatient clinics 
for whom a provisional diagnosis of CTS had been made.
It was possible to interview and examine these patients at the point in time when a 
confirmatory diagnosis of CTS was made.
Whilst it was recognised that there may be bias arising from the selective factors which 
determine whether a patient is referred or not, it was clear that in selecting patients referred 
to outpatient clinics, it would be possible to gain access to the necessary diagnostic 
equipment and laboratory facilities. In addition, it would be possible to consult the clinic
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lists to know in advance when a patient would be attending.
Participating Hospitals
Having approached a number of sources, the consultant physicians from the following out 
patient clinics agreed to help with the research and allow their patients to participate in the 
study:
A rheumatology clinic at the Mayday University Hospital, (MUH, Thornton Heath, 
Croydon), and an orthopaedic clinic at the Royal Surrey County Hospital (RSCH, 
Guildford).
It was recognised that there may be bias arising from the choice of speciality and physician 
to which patients are referred for further treatment. It was not possible to quantify this.
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2.2.2 Entry Criteria to the Study
All patients presenting at the clinics mentioned above between February 1988 and 
February 1989 and who fulfilled the following criteria were included in the study:
• Age - between 18 and 65 years
• Experienced symptoms of CTS for between five weeks and five years prior to
interview
• Not currently taking any of the following medications:
Danazol
Disulphiram (Antabuse)
Isoniazid
Penicillamine
Thalidomide
Vitamin B6 (or Vitamin B Complex)
• Not Suffering from any of the following disorders:
Acromegaly 
Amyloidosis 
Diabetes Mellitus 
Hyperparathyroidism 
Hypothyroidism 
Renal Failure
• No history of surgery or injections of the affected hand
• No History of fracture or acute infection of the affected hand
• If female, to be non-pregnant at the time of interview
• To be suffering from CTS according to the diagnostic criteria outlined in 
section 2.2.3
If the medical records or referral letters suggested that a patient might be suitable, 
arrangements were made visit the clinic and interrview them.
As indicated patients with certain characteristics were excluded from the case population. 
The rationale behind these exclusions is given below:
Age Limits
The development of CTS in the elderly is confounded by the complexities of the 
degenerative joint changes and other diseases associated with old age. The development of
CTS in the workplace was highlighted earlier (section 1.5.2) s a cause for concern. 
Consequently, it was decided that the population be restricted to persons of working age to 
allow comparison with other working populations. For ethical reasons, it was not possible 
to include patients under 18 years of age. The case population thus consisted of persons 
between the ages of 18 and 65 inclusive.
Surgery, Injections and Injuries
If a patient is presenting with symptoms of CTS following unsuccessful treatment 
involving surgery or steroid injection, it may be that the condition was misdiagnosed and 
the patient was in fact suffering from some other disorder. Alternatively, if the initial 
diagnosis was correct, the persistance of the symptomology may be an indication of 
damage to the median nerve or surrounding tissues during the treatment process or perhaps 
that the transverse carpal ligament was incompletely divided. The exact reasons for the 
failure of such treatments in specific cases is usually unclear.
Inclusion of patients who had undergone such invasive treatments was decided against. 
This was because the anatomical and histological sequelae of such treatment procedures 
are impossible to determine and that the patient may be considered to be suffering from a 
condition distinct from CTS.
Persons presenting with acute infections of the hand and wrist were excluded because in 
these cases the symptoms are likely to directly result from the inflammatory processes 
involved. Other hypothesized risk factors may be considered to play a negligible role in 
these cases.
Persons who had previously fractured their wrist (Colies’ fractures or otherwise) or lower 
arm were also excluded. If the fracture occurred recently, then the symptoms were likely to 
result from the pressure changes due to the inflammatory processes. However, even if the 
fracture occurred many years prior to the development of symptoms, it is still impossible 
to determine the anatomical and histological sequelae of the trauma on the soft tissues of
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the hand and wrist. Again these are impossible to quantify, especially as there is likely to 
be a great degree of variation in terms of the severity and nature of the damage done.
Pregnancy
It has been reported already that for the majority of pregnant women with CTS, symptoms 
usually begin during the third trimester and subside on delivery. The fact that surgery is 
rarely indicated for these patients is reflected in the low referral rate of pregnant women to 
outpatient clinics. If included in the case population their number would be small and 
unrepresentative of the numbers presenting in general practice.
Systemic Diseases
It was assumed that some of the systemic diseases thought to be associated with CTS 
would occur so infrequently in the case population that their inclusion would be of little 
statistical use. These included persons suffering from the following disorders: Diabetes 
M ellitus, Renal Failure, Am yloidosis, Acrom egaly, H ypothyroidism  and 
Hyperparathyroidism.
Medication
Persons taking particular medications were excluded. These medications include 
Disulphiram, (Antabuse), Danazol and Thalidomide. Again it was thought that the 
numbers of persons, (if any), taking these medications would be small and their inclusion 
would be of little additional value.
As vitamin B6 status was one of the factors to be investigated, it was decided that persons 
with artificially raised intakes would confound the analysis. Persons taking the following 
preparations were consequently excluded:
Vitamin B6, Pyridoxine Hydrochloride, (Also available as - Ancoloxin, Benadon, 
Comploment Continuus and Debendox) and Vitamin B complex.
Similarly, Isoniazid and Penicillamine are also known to interfere with vitamin B6 status. 
Penicillamine is used to treat arthritis. Consequently, vitamin B6 status in persons taking
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this preparation may be lowered and thus represent a confounding factor.
Women using oral contraceptives or undergoing hormone replacement therapy and persons 
suffering from rheumatoid arthritis were included in the case population, although it was 
recognised that such persons may have altered vitamin B6 status. However, at the 
commencement of the study, it was not possible to determine the proportion of women 
using oestrogens or the patients suffering from rheumatoid arthritis. It was recognised that 
these factors were also of interest and more information about them was needed.
Patients Experiencing Symptoms for Over Five Years
In additon to the above criteria, it was also decided that patients who had experienced 
symptoms for over five years would also be excluded. It was thought that the tissues of 
persons who had been suffering from CTS for a long time would be infiltrated to a greater 
extent with scar tissue. It was therefore possible that the factors initially responsible for the 
development of the condition in these persons was no longer present, and that the prolifera­
tion of scar tissue would contribute to the compromise of the median nerve. The choice of 
five years as an upper limit is somewhat arbitrary, since it was thought that if it was any 
more recent, the total number of patients might be severely reduced.
Patients with Symptoms for less than Five Weeks
A lower limit for the duration of symptoms was imposed. This was introduced in order to 
ensure that the cases were comparable with the control group, (see section 2.3).
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2.2.3 Diagnosis of CTS
For a diagnosis of CTS to be made, symptoms must affect the median nerve distribution of 
the hand and in addition there must be objective evidence of median nerve dysfunction 
within the confines of the carpal tunnel.
Patients presenting at outpatient clinics with a provisional diagnosis of CTS were 
interviewed after giving their written consent, (see Appendix HI). If they satisfied the 
entry criteria to the study, were experiencing symptoms in the median nerve distribution, 
they underwent electrodiagnostic testing.
At the rheumatology clinic, the electrophysiological tests were undertaken by the 
consultant rheumatologist or his senior house officer.
At the RSCH, the electrophysiological tests were performed by the research student 
Symptom Recording
Each potential patient was asked to shade their symptoms on a diagram indicating the 
palmar and dorsal surfaces of both hands, (figure 2.1). Symptoms of numbness, 
paraesthesia and aching were recorded. Patients reporting symptoms in the median nerve 
distribution or the median and ulnar nerve distribution were included (see section 1.2 for 
details). Patients experiencing paraesthesia involving predominantly the dorsum of the 
hand, the ulnar nerve distribution only or areas proximal to the wrist were excluded.
Additional information regarding certain symptoms and signs was recorded but was not 
used to make a diagnosis of CTS. This was done to allow comparison of symptoms 
between this study and the research by other authors, including the variety of symptoms 
referred to by Ellis and his co-workers, (Ellis et al, 1976, 1977). Indications of the 
sensitivity and specificity for the Phalens test and sensitivity for the Flick test could also be 
calculated.
1  . After relevant instruction from a consultant neurologist.
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Figure 2.1: Patients were asked to shade their hand symptoms on this sheet.
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Electrodiagnosis
The following recordings were made:
• The Distal Motor Latency (DML) of the median nerve - stimulating at the wrist and 
recording ffom the thenar eminence, (abductor pollicis brevis)
• The Distal Motor Latency (DML) of the ulnar nerve - stimulating at the wrist and 
recording from the hypothenar eminence, (abductor digit! minimi)
• The Distal Motor Latency (DML) of the median nerve - stimulating at the elbow 
and recording at the thenar eminence, (abductor pollicis brevis)
Originally ulnar nerve function was to be assessed on the basis of the distal sensory latency
(DSL) and not DML. Also an additional measure of median nerve DSL had been planned.
However, it proved difficult in practice to make these sensory recordings for two reasons.
Firstly, these tests were not routinely performed at the rheumatology clinic. Consequently,
their inclusion would have significantly prolonged the consultation time per patient and the
waiting list for referrals would eventually be increased. Secondly, some problems were
experienced in making the recordings using the Dantec Neuromatic 2000C (due in part to
operator inexperience). These two factors made it difficult to guarantee that sensory
recordings would be made for every patient.
Median and ulnar nerve function was assessed using motor latencies only.
Equipment
Some preliminary measures (reported below) were made on a Medelec MS6 at the the 
University of Surrey. A Dantec Neuromatic 2000C was used to make recordings at the 
Mayday University Hospital and a Medelec MS91 was used at the Royal Surrey County 
Hospital. (Details of these machines are given in Appendix HI).
Temperature measurements (where appropriate) were made using an Edale Thermistor 
Thermometer Model C.
Procedure
All recordings were made using surface electrodes. Before the electrodes were placed on 
the skin, the placement sites were marked out, (figure 2.2). This was done in a similar
110
fashion to Melvin et al (1973). All measurements were made using a metal tape measure.
Firstly the width of the wrist was measured at the distal crease and the midpoint was 
marked. The centre of the bony prominence located at head of the first metacarpal bone 
(figure 2.2) at the base of the thumb was marked and the distance between this and the 
midpoint of the wrist was measured. The midpoint of this line was then marked. The 
distance between this mark on the thenar eminence and the midpoint of the wrist was 
measured and its length (‘0’ cm) noted. An additional mark was made‘&’ cm from the 
midpoint of the wrist along the forearm such that a + b = 7cm. Surface electrodes were 
then attached.
The median nerve distal latency recordings were made by stimulating supramaximally at 
the wrist (‘b’cm from the distal crease) and recording from the thenar eminence.
For the ulnar DML, the stimulating electrode was placed b cm from the distal crease of the 
wrist over the ulnar nerve. Recordings were made from the hypothenar eminence.
The forearm latency was measured following stimulation of the median nerve on the 
medial side of the elbow in the cubital fossa.
The distance between the stimulation sites for the wrist and elbow was measured allowing 
the calculation of the forearm nerve conduction velocity.
For example, if the motor latency of the median nerve is 5.2 msec after stimulating at the 
wrist and 9.1 msec when stimulating at the elbow and the distance between the two 
stimulation sites is 21cm.
Forearm distance (mm) 210
—------------------------------------------------------= ---------- = 54 m.sec'l
Elbow latency (msec) - Wrist latency (msec) 9.1 - 5.2
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Active
7cm)
Midpoint of distal 
crease of wrists^  Cathode
Anode
Figure 2.2 The Electrode Placement Sites
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2 mm = 1.0 mV
a b
10 mm = 1 second
Figure 2.3: Example Distal Motor Latency Trace. For this individual the latency, 
(i.e. the time interval between the application of the stimulus ’a’ and onset of 
response ’b*) was found to be 3.8 ms.
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After the electrodes were attached, the stimulation intensity was increased. Latency from 
stimulation to point of onset of response was calculated from the traces, (figure 2.3)
Diagnostic Criteria
Information concerning the normal range for median and ulnar nerve latencies and forearm 
NCV are given in the following tables, (2.1.1 - 2.1.3):
Table 2.1: Normal Values of Distal Motor Latencies (DML) for the Median Nerve:
Mean±sd Normal
Range
Size of 
NR
N Author (Year)
3.8 ±0.5 2.8-4.8 2.0 50 Thomas (1960)
3.33± 0.46 2.4-4.3 1.9 25 Preswick (1963)
3.4 ±0.48 2.4-4.4 1.9 113 Thomas et al (1967)
3.07± 0.46 2.2-4.0 1.8 63 Kemble (1968)
3.7 ±0.3 3.1-4.3 1.2 24 Melvin et al (1973)
3.6 ±0.4 2.8-4.4 1.6 12 Kaplan (1976)
3.1 ±0.41 2.3-3.9 1.6 50 Felsenthal (1977)
3.01± 0.44 2.1-3.9 1.8 25 Kimura (1978)
3.40±0.31 2.1-3.9 1.2 100 Kraft & Halvorson (1983)
3.9 ±0.21 3.5-4.3 0.8 15 (see Appendix IE)
All figures are in milliseconds
Normal Range = Mean ± 2 standard deviations
The size of the normal range is calculated by subtracting the lower limit of the normal range from the upper limit 
N = Number of subjects tested
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Table 2.2: Normal Distal Motor Latencies (DML) for the Ulnar Nerve:
Mean±sd Normal Size of Author (Year)
Range NR
2.9 ±0.4 2.1-3.7 1.6 Ebeling et al (1960)
2.7 ±0.3 2.1-3.3 1.2 Mayer (1963)
2.7 ±0.5 1.7-3.7 2.0 Bhala & Goodgold (1968)
2.4 ±0.3 1.8-3.0 1.2 Payan (1969)
3.0 ±0.4 2.2-3.8 1.6 Eisen (1974)
2.9 ±0.4 2.1-3.7 1.6 Felsenthal (1977)
All figures are in milliseconds
Normal Range = Mean ± 2 standard deviations
The size of the normal range is calculated by subtracting the lower limit of the normal range from the upper limit
Table 2.3: Normal Values of Forearm Motor NCV for the Median Nerve:
Mean ± sd Normal Size of Author (Year)
Range NR
57.5 ±5.0 47.5-67.5 20.0 Thomas (1960)
59.3 ±3.5 52.3-66.3 14.0 Mayer (1963)
56.7 ± 3.8 52.9-64.3 15.2 Melvin et al (1973)
56 ±5 46 -66 20 (see Appendix HI)
All figures are in metres per second 
Normal Range = Mean ± 2 standard deviations
The size of the normal range is calculated by subtracting the lower limit of the normal range from the upper limit
Median Nerve DML: It is clear that the normal range varies considerably in the literature. 
The lowest values are around 3.9 msec and the highest 4.8 msec. Most are around about 
4.3 - 4.4 msec. However, it is additionally important to consider the repeatability of these 
measures.
Ulnar Nerve DML: The upper limit of the normal range is reported to be between 3.0 and 
3.8msec.
Forearm Median Nerve NCV: If the median nerve NCV is low, it may indicate that there is 
a focal median nerve abnormality between the elbow and the carpal tunnel. Alternatively, 
it may be indicative of a more generalised pathology. This must be considered when a 
diagnosis of CTS is made since a decreased NCV over the forearm (and probably the
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hand) would have the effect of increasing the wrist to palm latency.
In order to determine the reliability of the median nerve tests, a small trial was performed, 
(see Appendix El). The results of this indicated that forearm median nerve NCV appeared 
to be a reliable measure, (within day coefficient of variation = 4% and between day 
coefficient of variation = 6%). However, median nerve DML was found to be less reliable 
measure and its variability appeared to be due to variation in the electrode placement 
procedure as well as natural variation of the measure in the individual. The between day 
coefficient of variation was found to be 13%.
If the upper limit of the normal range of median nerve DML is taken to be about 4.3ms, 
then a 13% coefficient of variation suggests that a repeat measure may lie between 
3.7msec and 4.9msec.
In addition, caution should be expressed when interpreting the results of hands which 
appear to be cold.
On the basis of the data presented in Appendix m , and previous studies, it was decided 
that patients would be classified as suffering from CTS if the following criteria were met:
• DML (median wrist to thenar eminence) > 5.0 msec
• DML (ulnar nerve to hypothenar eminence) < 4.0 msec
• Forearm motor NCV > 45 m.sec'l
It was thought that the above criteria would ensure a high degree of specificity although 
this may in part be at the expense of sensitivity. This approach ensures that the case 
population was likely to consist of a high proportion of true CTS sufferers. Skin 
temperatures would be recorded but no attempt would be made to warm the skin to a 
specified temperature. If the affected hands appeared cold (i.e. below 30 °C) and the 
latencies were borderline, it was decided that the measures would be repeated.
For the main study, no repeat measures were necessary as none of the recorded 
temperatures were below 30°C. It should be noted that on some occasions the thermister
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did not work. However, it should be noted that the hospitals were warm, (on some 
occasions 26°C or over), and the researcher felt that in the cases where temperatures were 
not recorded that the hand temperatures were not likely to be low.
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2.3 Selection of Controls
Schlesselman (1982) stated that "the control series is intended to provide an estimate o f the 
exposure rate that would be expected to occur in the cases if there were no association 
between the study disease and the exposure".
Two major considerations must be borne in mind when establishing a suitable control 
group. Firstly, the source of the controls must be decided upon and secondly the method of 
selection of controls from this population must then be determined.
2.3.1 Choosing the Source of Controls
A number of factors must be taken into consideration when choosing the source of the 
control group.
A major consideration is that the controls derive from a population which is similar in 
nature to the cases. The more dissimilar the two groups, the more likely that differences 
between them arise for reasons other than those related to the presence or absence of 
disease under investigation.
It is desirable that information collected from the controls is collected in the same manner 
as the cases. Also, it must be possible to identify subjects who will give an adequate 
response rate.
In addition to the above, the choice of the source of controls is modified by economic and 
practical considerations. These relate to the relative costs of obtaining data concerning 
various types of information and the facilities available to the investigator.
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Friedman, (1980), lists common sources of controls:
Table 2.4: Common Sources of Controls:
1. Patients from within the same medical facility
• Without regard to their diagnosis
• Excluding those with certain diseases such as mild or "act-of-God" 
conditons (e.g. hernias, accidental injuries)
• Examined and found to be healthy
2. Persons drawn from outside the facility
• Sample o f the general community
• Friends or acquaintances
• Fellow employees
• Neighbours
• Family members such as spouses or siblings
(From Friedman 1980ppl06-7)
For the purposes of this study, it was decided that the controls should be selected from the 
same hospital facilities (or from hospitals within the same district) as the cases.
A major factor in making this decision related to the limited finances and manpower 
available. It was clear that in choosing controls from outside the hospitals, transport would 
be a problem. In addition it was thought that difficulty might be experinced in selecting 
controls and ensuring that they would be available for interview and sufficiently motivated 
to agree to give a blood sample.
Ethical considerations also affected the selection process since the investigator was only 
insured for venepuncture at the University and it was known that arrangements could be 
made for venepuncture at the participating hospitals.
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Apart from the more general considerations mentioned above, two of the groups 
mentioned in table 2.4 would not be suitable - Firstly, as it was likely that not all the cases 
would be in full or part time employment, it was clearly inappropriate to use fellow 
employees. Secondly, the use of other family members was also thought inappropriate 
considering the familial associations with CTS referred to in section 1.5.3.
Whilst it was agreed that controls should be selected fom the same hospital facility, careful 
consideration of the potential patient groups was necessary.
The use of patients irrespective of their diagnosis would have been inappropriate, as such a 
population would be likely to include a higher proportion of patients suffering from the 
other conditions associated with CTS or vitamin B6 deficiency. For example, patients 
suffering from diabetes or renal failure often have additional complications and would 
consequently be referred for hospital treatment more often than non sufferers.
Difficulty was experienced in choosing a population of individuals with a more specific 
diagnosis as certain patient populations within the hospital would not be considered 
representative of the general population. For example, patients attending the rheumatology 
clinic would be more likely to be suffering from rheumatoid arthritis; patients attending 
eye clinics might be more likely to be suffering from diabetes mellitus. In addition to these 
problems, it was also important to ensure that sufficient control patients existed to allow a 
control group to be compiled using the selection criteria detailed below, (section 2.3.2).
It was finally decided that the control population should be drawn from a group of patients 
presenting with an ’act-of-God’ condition, more precisely, this involved the use of patients 
who had accidentally injured the lower half of their body, (from the waist downwards).
Initial investigations indicated that it might be possible to interview these patients when 
they presented at the fracture clinics of the hospitals involved.
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However, once the study had begun, certain problems came to light. Many of the patients 
presenting at the fracture clinics concerned had injured themselves less than the required 
five weeks earlier. Also, there were often large numbers of patients attending some clinics, 
making it difficult to guarantee enough time to interview some patients.
A satisfactory compromise was eventually reached. Patients attending for physiotherapy 
following accidents involving the lower half of their body, (from the waist downwards), 
were chosen.
2.3.2 Control Selection Procedure
Having decided on the source of the control population, decisions have to be made 
regarding how the control patients should be selected from this population.
The selection of controls depends upon the following:
• The restrictions imposed upon the cases
• The need to ensure that the controls did not suffer from the disease 
under investigation
• The decision to match with respect to certain confounding factors 
Restrictions on the Control Population
The restrictions on the case population also applied to the control population. It was 
decided that patients presenting with lower body injuries had to have had their accident at 
least five weeks previously to allow acute inflammation to begin to subside.
In addition to the exclusions referred to above, control patients were excluded if their 
injury occurred as a result of a sporting activity. It was thought that if these persons were 
included, the control population might differ from the case population with respect to 
fitness. Persons injuring themselves during a sporting activity were likely to be fitter than
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patients presenting with non-sporting injuries.
Some attempt must be made to ensure that the controls are not suffering from CTS. 
Control were asked whether they had ever experienced tingling and numbness in their 
hands. They were excluded if they answered ’yes’ and indicated that the distribution of the 
median nerve was affected.
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2.3.3 Matching Cases and Controls
Matching may be regarded as the practice of selecting controls in such a way as to make 
them similar to the cases with respect to certain confounding variables. These confounding 
variables are determinants of the outcome and distort the apparent magnitude of the effect 
of a study factor on risk.
MacMahon & Pugh, (p253 1970) have discussed the two common types of matching 
procedures:
The first of these, frequency matching, involves the division of the group to be sampled 
into subgroups according to the chosen variables, and different proportions (corresponding 
to the distribution in the case series) are selected from each subgroup. The use of this 
approach has certain disadvantages: Firstly, it is often difficult to subdivide the population 
to be sampled because of a lack of the necessary information. Secondly, the necessity to 
know the final composition of the case series means that the control series cannot be 
assembled until after the case series is complete. This may mean that all the controls would 
be interviewed after the cases were interviewed, which is undesirable. For these reasons, 
frequency matching is rarely used in case control studies.
Individual matching uses the method of pair sampling with the additional requirement that 
the individuals selected from the control population must match the corresponding case 
with respect to specified criteria.
It was apparent that the analysis would be confounded by the effects of age and sex. Both 
CTS (section 1.3) and some of the exposure variables (certain aspects of vitamin B6 status 
for example, Davis et al 1976), appear to be age and sex related in their distribution.
In order to eliminate effects of age and sex it was decided to individually match controls 
with cases with respect to sex and age ± 3 years on a 1:1 basis. The limits for the matching
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with respect to age were chosen as the sampling frame was small and that if reduced, it 
might prove difficult to find enough suitable control patients.
Identifying Cases and Controls
Potential cases were identified in advance from medical records or referral letters. 
Arrangements were made to attend the appropriate clinic and interview them. In this way 
all potential patients were considered.
Control patients were identified from physiotherapy records at Mayday University 
Hospital, Croydon General Hospital and Famham Road Hospital. If they appeared to fulfil 
the desired criteria, arrangements were made to interview them. Initially all patients 
fulfilling the selection criteria were approached. However, once the data collection had 
ceased for the cases, (i.e., February 1989) only controls who could be matched with the 
remaining unmatched cases were approached.
An Additional Control Group
As there is a paucity of data concerning any possible age or sex effects of EGOT activity 
(using the method of Bayoumi & Rosalki 1976), it was decided that a group of 50 
volunteers would be selected tested using the EGOT assay. The volunteers were chosen 
such that they were distributed as follows:
Table: 2.5: Age and Sex distribution of the University Volunteers:
Age Males Females
18-25 5 5
26-35 5 5
36-45 5 5
46-55 5 5
56-65 5 5
TOTAL 25 25
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In order to ensure that the vitamin B6 status of the volunteers was not artificially high or 
low (because they were taking certain medications or suffering from specific disorders 
known to affect vitamin B6 metabolism), they were excluded if they were characterised by 
the following:
• Had a history of CTS
• Suffering from:
Acromegaly
Amyloidosis
Coeliac Disease
Cirrhosis of the Liver
Diabetes Mellitus
Disorders of Collagen Metabolism
Hyperparathyroidism
Hypothyroidism /  Myxoedema
Renal Failure /  Regularly Undergoing Dialysis
Reyes Syndrome
Rheumatoid Arthritis, (ie to have had a +ve test for Rheumatoid factor)
• (Females only) Currently:
pregnant
taking oral contraceptives
(or to have been taking them in the last two months) 
suffering from clinically diagnosed premenstrual syndrome 
on Hormone Replacement Therapy (HRT)
• Taking any of the following medication:
Ancoloxin (vitamin B6)
Antabuse
Benadon (vitamin B6)
Comploment Continuus (vitamin B6)
Danazol
Debendox (vitamin B6)
Disulphiram 
Isoniazid 
Penicillamine 
Vitamin B6 
Vitamin B Complex
Originally it had been hoped that questionnaire data on a matched university 
group would also be collected. However, time limitations prevented this.
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2.4 Data Collection
Information concerning symptoms, exposure to the variables of interest and other relevent 
data were collected using the following techniques:
• Interview (Using a Diagnostic Checklist)
• Questionnaire
• Analysis of a Venous Blood Sample
2.4.1 Interview
The interview allowed the collection of information:
• about the location of symptoms in the hands for the purposes of making a diagnosis 
of CTS or otherwise.
• concerning other symptoms and signs of CTS to characterise the case population 
and allow comparisons with patient groups reported in other studies.
• concerning symptoms and characteristics which are not normally considered to be 
characteristic of CTS, (i.e. some of the symptoms reported by Ellis et al,
1976; 1977).
• of hypothesized risk factors.
The diagnostic checklists used are contained in Appendix IV.
Both cases and controls were interviewed by the same interviewer. Details of the 
information recorded for cases and controls are given in tables 2.6 and 2.7.
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Table 2.6: Information Recorded from Cases at Interview:
• Characteristics of CTS 
When symptoms began
When symptoms are most severe,
Whether other family members suffer from CTS,
Whether numbness, oedema or stiffness is experienced in other parts 
of the body
• Diagnostic Tests 
Phalens Test 
Flick Test
• Symptoms
Patients were asked to indicate their hand symptoms by shading 
relevant areas on a sheet showing pictures of the palmar and dorsal 
surfaces of both hands.
• Current Medication
• PIP Joint Angle of Index Finger
The angle of the proximal interphalyngeal joint of both index fingers 
(when fully flexed) was measured.
(For details see Appendix IV)
For the purposes of diagnosing CTS, cases were required to shade their hand symptoms 
upon the sheet provided, (showing the palmar and dorsal sides of both hands).
Cases were asked when their symptoms were at their worst, since CTS has been noted to 
be characteristically most severe at night.
The Phalens test was administered to both the cases and controls to allow the calculation of 
sensitivity and specificity. The Flick test was administered to the cases only, to allow 
calculation of sensitivity as there is no information confirming the sensitivity claimed by 
Pryse-Phillips (1984).
127
Table 2.7: Information Recorded from Controls at Interview:
• Details o f Injury 
Nature of injury 
Cause of injury 
When injury occurred
• Other Details
Whether other family members suffer from CTS,
Whether numbness, oedema or stiffness is experienced in other parts 
of the body
Whether CTS symptoms have been experienced
• Diagnostic Tests 
Phalens Test
• Current Medication
• PIP Joint Angle o f Index Finger
The angle of the proximal interphalyngeal joint of both index fingers 
(when fully flexed) was measured.
(For details see Appendix IV)
Subjects were asked whether they had experienced oedema or stiffness in any part of their 
body, if they answered ’yes’ the area affected was determined. The cases and controls 
could then be compared with respect to these characteristics.
Impairments in the range of movement of the proximal interphalyngeal (PIP) joint of the 
index finger were determined using a goniometer, (figure 2.4) to allow comparison of the 
cases and controls. The mean of three readings was taken for each hand. Increases in the 
range of movement of this joint were reported in CTS patients treated with vtamin B6 
(Ellis etal, 1979).
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Figure 2.4: Determining the range of movement of the proximal interphalyngeal joint
of the index finger.
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2.4.2 Questionnaire
A copy of the questionnaire used in this study is contained in Appendix IV. It was 
developed from an earlier questionnaire used by the Ergonomics Research Unit used to 
collect data relating to upper limb disorders. Table 2.8 lists the items of interest in the 
questionnaire.
Information concerning many of the variables of interest was collected using the 
questionnaire. These included aspects of occupation, leisure pursuits, soft tissue injury of 
the wrists and hands, female reproductive characteristics and arthritis.
Completion of the Questionnaire
It was originally intended that the questionnaire be self-administered. However, a number 
of practical problems meant that in a number of instances the questionnaire had to be 
administered by the interviewer.
Cases often were not able to complete the questionnaire as their hand symptoms were too 
severe to allow them to write for any length of time. Secondly, a number had to return to 
- work quickly and it was felt prudent to administer the questionnaire whilst the 
electrophysiological tests were being undertaken.
The main reason for the interviewer completing the questionnaire for the controls related 
to the fact that many patients attending the physiotherapy department could not spare an 
additional twenty minutes or so to complete the questionnaire. Consequently, the questions 
were asked whilst the patients were exercising. This was preferred to giving the patients a 
questionnaire and stamped addressed envelope (to allow completion in their own time) 
since the number of missing items in the postal returns, (three in all) was higher than for 
the rest of the group.
It was recognised that bias could be introduced by collecting questionnaire data using both 
the interview and self administered approach. This was aggravated by the difference 
between the cases and controls with respect to the proportion who completed the 
questionnaire them selves.
Table 2.8: Data Collected Using the Questionnaire:
Background Information 
Date and Time of Completion 
Year of Birth 
Sex
Weight (in stones and lbs)
Height (in feet and inches)
Handedness 
Smoking Habits 
Area of Residence 
Details of Sports and Hobbies
Occupation 
Job title
Description of main features of job 
Time in current job, (years and months)
Job description and duration of previous employment
Hours worked per week and per day
Details of work if work changes during day or week
Repetitiveness of job
Task descriptions
Use of hand held tools (vibrating and non vibrating)
Health History
Regular and Occasional pain and discomfort in last year 
Pain experienced in parts of the body (in lifetime)
Pain experienced in parts of the body (now)
Pain for which medical advice was sought
Pain for which treatment was administered
Details of diagnosis for the above
Days sick leave in 1987
History of broken bones
History of Sprains /  Dislocations
History of Arthritis /  Rheumatism /  Wear and Tear
Diagnosed as suffering from:
Diabetes, Kidney Failure, Amyloidosis, Acromegaly, Hypothyroidism /  Myxoedema, 
Hypertension or hyperparathyroidism.
(Females only)
Whether ever pregnant /  history of CTS symptoms during pregnancy 
Whether ever menstruated /  history of CTS premenstrually
Whether peri or post menopausal /  history of CTS symptoms since onset of menopause 
Whether undergone gynaecological surgery /  History of CTS symptoms since 
gynaecological surgery
Whether ever used oral contraceptives /  History of CTS symptoms whilst using oral 
contraceptives
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A significantly higher proportion of cases completed the questionnaire by themselves than 
controls:
Table 2.9: Self Completion of the Questionnaire:
Yes
Controls
No
Yes 1 
Cases 11
1
13 1 
1 i
1
13 1 
1 i
26
No 1
1
i
1 1 
1
i
7 1 
1
8
Odds Ratio = 13/1 = 13 
Probability McNemars Test (Binomial) p = 0.002
14 20 34
Whilst the difference between the self completion of the questionnaire is significant, it 
must be remembered that this relates only to the questionnaire data and not the interview 
data or blood test results. Also, the questions relating to female reproductive status were 
self completed as this was felt to be a sensitive area and that the female would be less 
embarassed if allowed to complete this section themselves.
Questionnaire Validity
It is difficult to test the validity of many of the items in the questionnaire, as very often the 
only record of the events of interest is the subjects memory. A limited amount of 
information might be gleaned from medical records, but this can not be relied upon as a 
definitive guide to past health history.
Aspects of the validity of the final draft of the questionnaire were not investigated because 
of the limited time available. However, an investigation of an earlier draft had been
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undertaken, (see Appendix III). This had involved comparing information provided by 
patients (recorded using the questionnaire) with information recorded during consultation 
with a physician. Patients attending a rheumatology clinic at the Mayday University 
Hospital who were experiencing symptoms affecting the upper limb were approached. 
About three quarters of the group of 53 patients managed to complete the questionnaire 
themselves without help.
Of the 23 items considered in this study, the majority showed a concurrent agreement of 
75% or greater between data recorded by the physician and the information provided by 
the patients. A degree of non-response was noted and necessitated a reconsideration of the 
wording and presentation of some items.
The more specific recommendations were acted upon when developing the questionnaire 
that was eventually used. Various drafts were tested on volunteers within the university, 
and feedback regarding aspects of acceptability and comprehension of the questionnaire 
was used to modify the questionnaire further.
In addition, in the reported study the interviewer was able to quickly check each 
questionnaire after completion and ask patients if specific items were obviously unclear.
Questionnaire Reliability
Unfortunately it was not possible to undertake a major reliability  study of the 
questionnaire. However, a small scale reliability study was undertaken by another 
postgraduate student, (see Appendix ID).
The questionnaire was administered to twenty individuals, (ten males and ten females), by 
the interviewer. This was repeated a week later at the same time of the day. The two sets of 
questionnaires were then compared.
For most of the questionnaire items, consistent responses were recorded for at least 17
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subjects (85%). For many items consistent results were obtained for all 20, (100%).
Correlation coefficients of reproducibility were calculated for those continuous variables 
for which inconsistencies were noted, (namely self reported weight, height and number of 
months employed in current job). The results suggested that the differences were within 
acceptable limits.
In addition, kappa, the correlation coefficient of reproducability for discrete variables 
(including binary variables) was calculated. It has the important characteristic of correcting 
for chance agreement that would be expected to occur if the two classifications were 
totally unrelated. Failure to take account of chance agreement can lead to erroneous 
conclusions about the quality of measurement.
The only variables for which kappa was low related to point prevalence of pain and 
discomfort, which would be expected to differ on the two occasions that the subjects were 
interviewed.
Four out of the twenty (20%) failed to report one of their leisure pursuits on one of the two 
occasions.
One problem with test-retest correlations is overestimation due to memory. For example, 
the persons memory of their responses during the first interview situation is quite likely to 
influence the responses for the second interview. If the time interval between the two tests 
is short, then the responses may appear to be more consistent than they actually are. 
Nunally (1964) believes that "during the two-week*s to one month's time in which it is 
advisable to complete both testings, memory is likely to be a strong factor".
The short time interval between tests, (1 week), for this short trial was unavoidable since 
the interviewer who kindly undertook the study had little time available. Consequently, the 
reliability estimates are likely to be overestimates. However, most of the variables showed
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a very high level of agreement.
It should be noted that for the purposes of this study, the questionnaire was administered 
by the interviewer. For the case-control study, it was anticipated that the questionnaire 
would be self administered.
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2.5 Assessment of Vitamin B6 Status
A number of the methods for assessing vitamin B6 status described in Appendix II.
The use of the Tryptophan load test was decided against because of the impracticality of 
24 hour urine collections, the diurnal variation in trpyptophan metabolism (Rapoport et al, 
1968) and the apparent correction of vitamin B6 deficiency following the ingestion of a 
small amount of the vitamin within 24-48 hours without confirmatory evidence that tissue 
levels have returned to normal (Cinnamon & Beaton, 1983).
The relationship between urinary 4-pyridoxic acid levels and vitamin B6 intake has not 
been well established. Also urinary vitamin B6 levels may not necessarily reflect the 
severity of vitamin deficiency.
Whilst serum levels of vitamin B6 (pyridoxal 5*-phosphate) may be determined, these may 
not fully reflect the activity of the vitamin. For example certain vitamin B6 antagonists 
may affect the activity of the vitamin by binding to vitamin B6 enzymes. However, these 
antagonists may not be detected in the serum sample.
Practically speaking, the determination of serum pyridoxal 5’-phosphate levels would 
prove difficult for this study since some of the clinics last up to two hours. Without access 
to a centrifuge it would be extremely difficult to prevent contamination of the serum with 
haemolysate from erythrocytes as they begin to lyse. If it were possible to centrifuge each 
sample, it may not then be possible to guarantee to interview and examine every patient of 
interest.
It was finally decided that an enzyme stimulation assay should be used since this gives an 
indication of the activity of the vitamin as a cofactor. Practical difficulties meant that 
additional measures of vitamin B6 status would not be possible. They would probably 
include the use of larger blood or urine samples and thus be less acceptable than than for
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the enzyme assay. Finally, the available research suggests that patients and healthy 
individuals might show differences in vitamin B6 status as determined using enzyme 
stimulation assays, (see section 1.6).
Enzyme Stimulation Assays
Symptoms of vitamin B6 deficiency must ultimately be the result of the reduction of the 
activity of a particular vitamin B6 dependent enzyme. This approach involves the 
determination of the activity of a vitamin B6 dependent enzyme with and without an 
excess of the vitamin.
However, even if it is possible to identify which enzyme is responsible for the symptoms, 
it is not always possible to test the tissue in question for ethical reasons. The popular 
approach involves the testing of vitamin B6 dependent enzymes present in erythrocytes. 
The common choice is Glutamate Oxaloacetic Transaminase (GOT; EC 2.6.1.1; L- 
aspartate: 2-oxoglutarate aminotransferase), GOT, (or EGOT when referring to erythrocyte 
GOT).
EGOT activity is determined in the absence of added pyridoxal 5’-phosphate and also in 
the presence of an excess of the cofactor. The difference between the two activities must 
relate to the proportion of enzyme molecules which initially were not bound to the cofactor 
and therefore inactive.
The greater the difference between the activities, the lower the number of activated 
enzyme molecules.
There are some problems with respect to comparability between methods which express 
enzyme activity in different ways. For example, Bayoumi and Rosalia, (1976), express 
activity in terms of enzyme units per gramme of haemoglobin. Alternatively, Folkers et al, 
(1984), express EGOT activity in terms of |imol of pyruvate produced per hour per 10^ 
erythrocytes. In addition, it currently unclear what influence (if any) the normal variations
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in haemoglobin concentrations or red cell counts may have on enzyme levels expressed in 
this way.
There are ways of normalising the enzyme activity and calculating values independent of 
units. Three ratios are commonly used:
1 The EGOT index : S A (EGOT + PLP)
SA (EGOT - PLP)
(eg Sauberlich et al, 1972)
2 Percentage Activation S A (EGOT + PLP) - S A (EGOT - PLP)
(or Activation Coefficient)   X 100
SA (EGOT-PLP)
(eg Bayoumi & Rosalki, 1976)
3 Percentage Deficiency: SA (EGOT + PLP) - SA (EGOT - PLP)
 ---------------------------------------- X 100
SA (EGOT + PLP)
(eg Kishi et al, 1975)
S A = Specific Enzyme Activity in Units per g Haemoglobin or per 10^ erythrocytes.
EGOT = Erythrocyte Glutamate Oxaloacetic Transaminase 
PLP = Pyridoxal 5 ’ -phosphate
NB - % Deficiency is a term which effectively represents the proportion of enzyme 
molecules remaining unbound to the co-enzyme. It is generally accepted that even in 
healthy individuals, a proportion of enzyme molecules remain unbound. Although these 
individuals can thus be characterised by determining their % Deficiency, the expression 
doesnot imply that they are clinically vitamin B6 deficient.
Advantages: It is thought that this type of method provides a better reflection of the 
functional activity of the B6 dependent enzymes in the rest of the human body which 
could only be determined by techniques involving multiple biopsies.
Disadvantages: This type of assay again relies upon the use of blood samples which 
many may not be considered to be acceptable under certain circumstances.
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Assessing Erythrocyte Glutamate Oxaloacetic Transaminase Activity 
Glutamate oxalacetate transaminase catalyses the following reaction:
L-aspartate + 2-oxoglutarate <-> oxalacetate + L-glutamate
Assessment of serum levels of the enzyme are of interest in the diagnosis of myocardial 
infarction. A number of different methods have been developed for the assessment of GOT 
activity. Rej (1984) has discussed various methods which include:
• Decarboxylation and manometric techniques
• Chromatographic techniques
• Spectrophotometric measurement of oxalacetate
• Techniques using 2,4-dinitrophenylhydrazine
• Determinations with Azo dyes
• Malate dehydrogenase /  NADH coupled systems
• Glutamate dehydrogenase coupled systems
Research studies investigating the hypothesized relationships between CTS and low 
vitamin B6 status have involved the use of the 2,4-dinitrophenylhydrazine, (Kishi et al, 
1975) or Malate dehydrogenase /  NADH coupled systems, (Bayoumi & Rosalki, 1976; 
Vuillemier et al, 1983). Some details about these methods are given below:
2,4-Dinitrophenylhydrazine Techniques
Principle: Oxalaoacetate formed is decarboxylated to pyruvate with analine citrate. The 
pyruvate is then determined by adding 2,4-dinitrophenylhydrazine, which is then extracted 
with toluene, (Tonhazy et al, 1950). This procedure was modified by Cabaud et al, (1956) 
and Reitman and Frankel, (1957).
Advantages:
• The simplicity of this procedure led to its widespread use between its 
publication in 1957 and the early 1970’s.
Disadvantages:
• Many known sources of error
• Incubation times are long
• Oxalacetate accumulates over the course of the reaction resulting in the 
inhibition of both isoenzyme fractions.
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• Oxalacetate is relatively unstable
• Many other oxo acids react with 2,4-dinitrophenylhydrazine, (thus 2- 
oxoglutarate is usually present in suboptimal concentrations to reduce 
interferance).
Dissatisfaction with clinical results has lead to its general abandonment in North American 
and European Laboratories.
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Malate Dehydrogenase / NADH Coupled Systems
Principle: In this procedure oxalacetate produced by GOT reacts with NADH in the 
presence of malate dehydrogenase, (MDH):
GOT
L-aspartate + 2-oxoglutarate <-> oxalacetate + L-glutamate
I
I
I MDH
oxalacetate + NADH <-» malate + NAD
This reaction is followed spectrophotometrically. The change in absorbance (due to the 
oxidation of NADH) is proportional to GOT catalytic activity.
Advantages:
• Oxalacetate is removed from the reaction mixture during the course of the reaction 
(thus product inhibition is not observed).
• NADH is a characterised material of defined molar absorptivity allowing a practical 
expression of catalytic activity.
This system has proved to be the most durable and is the basis for the standaridisation of 
glutamate oxaloacetic transaminase activity measurements.
There is a general consensus concerning the choice of this method, however, there are 
variations in the published procedures.
Ellis and his co-workers used a 2,4-DNP technique, (Kishi et al, 1975), for their 
assessment of vitamin B6 status with regard to CTS. The basis of this method was the 
method described by Tonhazy et al, (1957) and modified by Cabaud et al (1956). In 
addition to the disadvantages relating to this technique, an additional consideration is the 
choice of buffer. Rej (1984) points out that higher activity of the enzyme is noted with the 
use of a Tris buffer than with a phosphate one. This suggests that phosphate is an inhibitor 
of the holo-enzyme. The method above employed the use of a phosphate buffer.
Other EGOT stimulation assays involve NADH /  MDH coupled systems described above,
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(Bayoumi & Rosalki 1976; Bergemeyeret al 1972; Williams 1976; Vuilleumier et al, 
1983). They vary slightly in terms of pH, temperature, buffer, and final concentrations of 
reagents.
The method reported by Williams (1976) again uses a phosphate buffer.
The method finally chosen was that of Bayoumi & Rosalki (1976). Conditions were 
similar to the optimised ones reported by the German Society of Clinical Chemistry and 
the International Federation of Clinical Chemisttry, (Bergemeyer et al 1972, IFCC 1975).
Preparation o f Haemolysate
Fresh heparinised blood samples were centrifuged at 3,000 rpm for 5 minutes and the 
plasma and buffy coat removed. The erythrocytes were then washed three times with ice- 
cold saline. 1ml of packed erythrocytes were added to 5mls ice cold distilled water. The 
cell debris were centrifuged and the haemoglobin concentration was determined 
colorimetrically, (Haemoglobin kit 525-A : Sigma Diagnostics). The haemolysate was 
dispensed into two 4.5ml nunc cryotubes which were then frozen on dry ice prior to 
transfer to a freezer (-70°C). Dilution of the haemolysates to lOg/litre occurred once the 
samples had been thawed prior to testing for EGOT activity.
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Reagents
Buffer Tris-HCl Buffer 0.1 mol.1'1
pH = 7.4@25°C
Aspartate Substrate L-aspartic acid, potassium salt (Sigma)
Malate Dehydrogenase (Boehringer) 
in glycerol /  water (equal volumes) 
specific activity 1200U.mg"1 
5mg/ml
NADH (Boehringer)
Volume adjusted to 180 ml
2-Oxoglutarate Sodium salt (Sigma)
in Tris-HCl buffer
Pyridoxal 5’-phosphate (Sigma) in Tris-
HCl buffer
Apparatus
EGOT activity was measured on a Perkin Elmer Lambda 5 UV spectrophotometer. 4.5ml 
plastic cuvettes with a path length of 10mm were used. The temperature was controlled 
with a circulating water bath.
Procedure
The haemolysate samples were thawed by placing them in a water bath at 25°C. After 10 
minutes, 1ml haemolysate was removed and diluted with distilled water to reduce the 
haemoglobin to lOg.l"^. The haemoglobin concentration was again tested. 1ml diluted 
haemolysate was added to a tube containing 0.1 ml pyridoxal 5’-phosphate and 1ml to a 
tube containing 0.1ml Tris-HCl buffer. These two tubes were preincubated in the water 
bath for 30 minutes.
Reagents were dispensed in cuvettes in accordance with the volumes in the table below, 
(with the exception of the haemolysate solutions and 2-oxoglutarate).
7.08g
0.10ml
28.4g
360mmol.r^
8.2mmoU"l
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Table 2.10: Final volumes (ml) of reagents in each cuvette:
CUVETTE
1 2 3 4 5 6
Aspartate substrate 2.7 2.7 2.7 2.7 — —
Tris-HCl buffer — — 0.2 — 2.8 2.8
PLPD/Tris-HCl — — — 0.2 — —
Haemolysate/Tris-HCl 0.2 — — — 0.2 —
Haemolysate/PLP — 0.2 — — — 0.2
2-Oxoglutarate 0.1 0.1 0.1 0.1 — —
Total Volume 3.0 3.0 3.0 3.0 3.0 3.0
Key to reagents: PLP = Pyridoxal-5’ Phosphate solution (as per text).
PLPD = As above but diluted in a ratio of 1 part PLP to 10 parts Tris-HQ buffer.
Cuvette 1 = Change in absorbance for haemolysate without vitamin B6 
Cuvette 2 = Change in absorbance for haemolysate with vitamin B6 
Cuvette 3 = Change in absorbance for reagent blank without vitamin B6 
Cuvette 4 = Change in absorbance for reagent blank with vitamin B6 
Cuvette 5 = Change in absorbance for instrument blank without vitamin B6 
Cuvette 6 = Change in absorbance for instrument blank with vitamin B6
At the end of the 30 minute preincubation period, 0.2 ml haemolysate /  Tris-HCl mixture, 
was added to cuvettes 1 and 5. 0.2 ml haemolysate /  pyridoxal phosphate mixture was 
added to cuvettes 2 & 6. All 6 cuvettes were then incubated in the Lambda 5 for 15 
minutes at 25°C. The reaction was started by adding 0.1ml 2-oxoglutarate to cuvettes 1-4 
and monitor continuously for 5 minutes at 340nm.
Table 2.11: Final concentrations of reactants:
L-Aspartate 200 mmol.rj
2-Oxoglutarate 12 mmol.rJ
NADH 200 fimol.r}
MDH 3000 u . r j
Pyridoxal 5’-phosphate 50 fi-mol.!"1
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Calculation of Enzyme Activity
The instrument and reagent blank values are subtracted from the changes in absorbance for 
cuvettes 1 and 2. AAQ represents the decrease in absorbance for EGOT without vitamin B6 
and is calculated as follows:
AAq = AA1 - (AA3+AA5)
(AAX represents the change in absorbance over the five minute period for cuvette X). 
Similarly, the decrease in absorbance for EGOT with vitamin B6 (AA+) is calculated: 
AA+ = AA2 - (AA4+AA6)
EGOT activity without vitamin B6 = AAn 3 x 1000 1
 x ------------ x — U.gHb'1
5 6.22x0.2 10
and EGOT activity with vitamin B6 = AA+ 3 x 1000 1
x ------------ x — U.gHb-1
5 6.22 x 0.2 10
(6.22 x 1(P = the molar absorptivity of NADH at 340nm; 3 is the final volume (ml); 10 is 
the final haemoglobin concentration (g.l ) of the haemolysate).
EGOT Stability Following Freezing
Haemolysate samples needed to be tested to determine their stability following freezing at 
-70°C, since it was not possible to test the samples on the day of collection and the 
research student could not be guaranteed access to the spectrophotometer on the following 
day.
A small trial (see Appendix III) indicated that the samples were stable whilst frozen. 
Other Tests
In addition to the EGOT test, hospital patients (both cases and controls) were also tested 
for Rheumatoid F ac to rth e  samples being analysed at the hospital facility. This was done 
in order to categorise their status as regards rheumatoid arthritis.
1  . IgM Rheumatoid factors are found in approximately 80% of Rheumatoid patients, (sensitivity thus=80%). In addition, 5% of the normal 
population also give a positive result, (thus specificity = 95%), (Barnes, 1986).
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2.6 Analysis
All analysis was carried out using SPSSX™ Release 2.1+ on Prime at the University of 
Surrey.
The following tests were used to compare the cases with the controls:
McNemars Test
Consider the following situation where cases and controls are characterised by their 
exposure to a particular risk factor:
Table 2.12:
Controls 
Factor Factor
Present Absent
Factor Present
Cases
Factor Absent
’a* represents the number of matched pairs for which both the case and control are 
characterised by the risk factor. Similarly, ’d’ represents the number of pairs for which 
both the cases and controls were not exposed.
’b’ represents the number of pairs for which the case was exposed to the risk factor and the 
control was not and ’c’ represents the number of pairs for whom the control was exposed 
and the case was not.
In McNemars test only the discordant pairs (i.e. ’b’ and ’c’) are of interest.
To test the hypothesis that the cases significantly outnumber the controls with respect ot 
the exposure to a specified risk factor, only the discordant pairs, (i.e. ’b’ and ’c’) are used.
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McNemars test involves the calculation of the chi-squared invloves to determine whether 
the numbers of discordant pairs differ significantly from the expected distribution: 
i.e.
X2 = (b -c)2 /(b  + c)
(with 140
If ’b’ is significantly greater than ’c’ then the null hypothesis that the factor is independent 
of the disorder is rejected.
Siegel (1956) explained that if the expected frequency (i.e. 0.5 x (b + c)) is low, (less than 
5) then the binomial test must be used. In practical terms this means that if the number of 
discordant pairs is less than 10, the binomial test is used.
SPSSX™ uses the binomial test if the number of discordant pairs is 30 or less,
The difference in the calculated probability between the binomial test and the McNemar 
Test when the number of discordant pairs is between 10 and 30 is negligible.
In the reported study a total number of 34 pairs were investigated. Thus, as the number of 
discordant pairs were less than thirty, (and often less than ten), the binomial test was 
employed for all the tests.
Whilst Kelsey et al, (1986) suggests that it is possible to determine whether a specific 
factor has an effect on disease incidence whilst controlling for a second factor (calculating 
odds ratios from 4x4 tables (see Kelsey et al, 1986: pl81), the small number of pairs in this 
study prevented this type of analysis.
It should be stressed that if the number of discordant pairs was less than 5, then it was not
1. Allnon-parametric tests are based upon statistics that are non-normally distributed. Mostnon-normal distributions become normalwhen the 
number of cases becomes large. This property is called the central limit theorum: For the McNemar test the cut off point is taken to be 30 cases.
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possible to comment on the results as the probability of any combination of the discordant 
pairs was greater than 0.05. For example, if there are two discordant pairs,
the probability that b=2 and c=0 = 0.25 
the probability that b=l and c=l = 0.50 
the probability that b=0 and c=2 = 0.25
Exposure Odds Ratio
The odds ratio for exposed individuals versus non-exposed individuals is given by the ratio 
of the number of pairs for which the case is exposed and not the control to the number of 
pairs for which the control is exposed and not the case.
Thus the exposure odds ratio is simply calculated as the ratio, b/c.
In the reported study, the exposure odds ratio was only calculated if the difference between 
the cases and controls was significant or general trends were apparent.
The t Distribution
For Continuous variables, (e.g. estimated height, % Deficiency), paired t-tests were used. 
Unpaired t-tests were used to compare the cases and controls with the university volunteers 
with respect to the vitamin B6 variables.
In using the sampling distribution of t to test for differences between independent means 
the following assumptions are made:
• The scores of the two groups are randomly sampled from their respective 
populations and are independent of one another.
• The scores in the respective populations are normally distributed.
• The variances of the scores in the two populations are equal.
(Shavelson 1981)
(For the purposes of this study, variances of the variables to be compared were taken to be
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comparable if the difference between them was less than 30% of the mean of the two 
variances).
Thus, if the distributions of the variables of interest did not appear to be normally 
distributed or the variances of two means were not comparable, the Wilcoxon matched- 
pairs signed rank test was performed instead.
The Wilcoxon Matched-Pairs Signed Ranks test
The Wilcoxon matched-pairs signed ranks test involves computing the differences between 
pairs of variables, ranking the absolute values, summing the positive and negative ranks 
and computing the Z statistic from the positive and negative rank sums, (Siegel, 1956 p75- 
83). Thus it utilises information about not only the direction of differences between pairs 
but also the relative magnitude of these differences.
It may be regarded as a non-parametric analogue to the paired t test and may be used 
when the t test’s assumptions of normality and equal variances are untenable.
The Mann-Whitney U test
The puipose of the Mann-Whitney U test is to help the researcher decide whether or not 
the distribution of scores from two independent groups were drawn from two identical 
population distributions, (Shavelson 1981 p430-438). It is a non-parametric analogue to 
the t test for two independent groups. It may also be used when the t test’s assumptions of 
normality and equal variances are untenable. The U statistic is based upon the rank order 
of scores from the lowest to the highest, since these ranks adequately reflect the differences 
between the two observations.
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3 Results
In the following section aspects of the symptoms and characteristics of the CTS cases are 
presented, followed by the results of the main case-control study.
Firstly, comparisons relating to the vitamin B6 status of the cases and controls are 
detailed. After this, both patient groups are compared with the university volunteers.
The remaining variables of interest are dealt with in three sections. These relate to the 
systemic disorders, factors relating direcdy to the hands or wrist and the other systemic 
conditions.
The systemic disorders considered include aspects of rheumatism and arthritis and also 
hypertension.
Certain work related factors, leisure pursuits and soft tissue injuries constituted the factors 
related to the hands and wrists that were investigated.
The remaining hypothesized risk factors that were investigated related to aspects of female 
reproductive status and family history of CTS.
Lastly the cases and controls were compared with respect to certain symptom characteristics.
Some additional data are presented in Appendix V. This relates to comparisons of self 
reported height, self reported weight, handedness and demographic area from which the 
cases and controls were drawn. Also, listings of occupations and hobbies are given which 
relate to the classification of sports and hobbies into those which involved a high degree of 
hand use, jobs reported to be repetitive and classification of occupation into those which 
invloved low and medium to high forces to be exerted by the hands.
A summary of the comparisons presented in this chapter are listed in table 3.1 and 3.2:
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Table 3.1: Characteristics of the Case Group:
Source Population
Description o f Patients Excluded from Case Population 
Age:
Calculation o f Mean Age for Both Sexes and Entire Case Group 
Comparison o f Ages o f Males with Females
Age and Sex Distribution:
Determination o f Age and Sex Distribution, Calculation of Male to Female Ratios
Location of Hand Symptoms:
Precise Location o f CTS Symptoms (recorded to establish diagnosis)
Point Prevalence o f Upper Limb Pain
Electrodiagnostic Data:
Mean Latencies and Nerve Conduction Velocities o f Cases (recorded to establish 
diagnosis)
Laterality of Symptoms:
Comparison o f Preferred Hand with Affected Hand (Chi Squared Test)
Capabilities of Diagnostic Tests:
The Phalens Test - Calculation of Sensitivity & Specificity 
The Flick Test - Calculation of Sensitivity
Variation in Symptom Severity:
Times at Which Symptoms of CTS are Most Severe
Symptom Severity Related to Female Reproductive Status:
Proportions of Females Reporting CTS Symptoms Related to Reproductive Status
Duration of Symptoms:
Time Interval Between Onset of Symptoms and Interview 
Supposed Cause of Condition
Breakdown of Causes o f Hand and Wrist Pain and Discomfort 
Point Prevalence of Upper Limb Pain
Listing areas ofthe upper limb in which the patients experienced pain at interview
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Table 3.2: Details of Variables Considered in the Case-Control Study:
Variable Groups Compared Test Used
Vitamin B6 Status
%Activation Cases vs Controls Wilcoxon Test
^Deficiency Cases vs Controls Wilcoxon Test
EGOT Activity (without vitamin B6) Cases vs Controls Wilcoxon Test
EGOT Activity (with vitamin B6) Cases vs Controls Wilcoxon Test
%Activation Univ Vol’teers vs Cases Mann Whitney
%Deficiency Univ Vol’teers vs Cases Mann Whitney
EGOT Activity (without vitamin B6) Univ Vol’teers vs Cases Mann Whitney
EGOT Activity (with vitamin B6) Univ Vol’teers vs Cases Mann Whitney
%Activation Univ Vol’teers vs Controls unpaired t-test
%Deficiency Univ Vol’teers vs Controls unpaired t-test
EGOT Activity (without added vitamin B6) Univ Vol’teers vs Controls unpaired t-test
EGOT Activity (with added vitamin B6) Univ Vol’teers vs Controls unpaired t-test
Systemic Conditions
Arthritis & Rheumatism
Diagnosed as Suffering from Arthritis/Rheumatism
Yes/No Cases vs Controls binomial test
Arthritis (excluding hands/wrists only)
Yes/No Cases vs Controls binomial test
Rheumatoid Factor
Positive/Negative
Cases vs Controls binomial Test
Hypertension
Currently taking Medication for Hypertension
Yes/No Cases vs Controls binomial test
Wilcoxon = Wilcoxon Pair Matched Signed Ranks Test; Mann-Whitney = Mann Whitney U Test; Univ Vol’teer = University Volunteer
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Table 3.2 (continued): Details of Variables Considered in the Case-Control Study:
Variable Groups Compared Test Used
Factors Related to the Wrist and Hands
Work Related Factors
Employment Status
Employed/Not Employed
Time in Current Occupation (Years)
Number of Hours Worked Weekly
Performance of Repetitive Manual Tasks
Yes/No
Use of Vibratory Tools 
Yes/No
Work Involving Keyboard Tasks 
Yes/No
Performance of Forceful Work 
Light/ Medium to Heavy Forcefullness
Cases vs Controls 
Cases vs Controls 
Cases vs Controls
Cases vs Controls
Cases vs Controls
Cases vs Controls
Cases vs Controls
binomial test 
Wilcoxon Test 
paired t-test
binomial test
binomial test
binomial test
binomial test
Soft Tissue Injuries
Sprain or Dislocation of the Wrist
Yes/No Cases vs Controls
Leisure Activities 
Participation in Leisure Activities 
Yes/No
Leisure Activities with High Degree of Hand Use
Yes/No Cases vs Controls
Cases vs Controls
binomial test
binomial test 
binomial test
Other Factors
Female Reproductive Status 
Previous Pregnancy 
Yes/No
History of Gynaecological Surgery 
Yes/No
Current Use of Oral Contraceptives 
Yes/No
Hormone Replacement Therapy 
Yes/No
Family History of CTS
Other family members suffering from CTS
Yes/No
Cases vs Controls 
Cases vs Controls 
Cases vs Controls 
Cases vs Controls
Cases vs Controls
binomial test 
binomial test 
binomial test 
binomial test
binomial test
Wilcoxon = Wilcoxon Pair Matched Signed Ranks Test; Mann-Whitney = Mann Whitney U Test; Univ Vol’teer = University Volunteer
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Table 3.2 (continued): Details of Variables Considered in the Case-Control Study:
Variable Groups Compared
Symptom Characteristics
Oedema & Stiffness
Oedema
Yes/No
Oedema (hands only)
Yes/No
Oedema (excluding hands) 
Yes/No
Stiffness (any area of the body) 
Yes/No
Stiffness (hands only)
Yes/No
Stiffness (excluding hands) 
Yes/No 
Knee Stiffness 
Yes/No
Cases vs Controls 
Cases vs Controls 
Cases vs Controls 
Cases vs Controls 
Cases vs Controls 
Cases vs Controls 
Cases vs Controls
PIP joint Range of Movement (degrees) 
Dominant Hand 
Non-Dominant Hand 
Cases 
Controls 
Cases
Cases vs Controls 
Cases vs Controls 
Dom’nt vs Non-Dom’nt Hand 
Dom’nt vs Non-Dom’nt Hand 
Affected vs
Non-Affected Hand
Wilcoxon = Wilcoxon Pair Matched Signed Ranks Test; Domn’t = Dominant
Test Used
binomial test 
binomial test 
binomial test 
binomial test 
binomial test 
binomial test 
binomial test
Wilcoxon Test 
Wilcoxon Test 
paired t-test 
paired t-test
paired t-test
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3.1 Description of the Case Group
3.1.1 Exclusions from the Case Group
A limited amount of information was collected concerning the patients for who underwent 
electrophysiological testing and were rejected for various reasons. This information relates 
predominantly to the patients from the Mayday University Hospital, (the research student 
attended these sessions). At the Royal Surrey County Hospital, fewer patients were 
interviewed and electrophysiological tests were only then performed if the patients 
fulfilled the other selection criteria. Only five patients were tested in Guildford, of whom 
three had latencies within the normal range.
Table 3.3: Breakdown of Patients Accepted into and Rejected from the Reported Study:
Group Number
Disorders Other than Median Nerve *(rejected) 31
Median Nerve Latency > 5.0ms (Cases) 34
Median Nerve Latency > 5.0ms (rejected for other reasons) 33 
Median Nerve Latency < 5.0ms (rejected) 61
TOTAL 159
* - These patients had symptoms suggestive of other neurological disorders
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Ninety four patients who had symptoms suggestive of CTS were rejected for the reasons 
outlined below:
Table 3.4: Characteristics of 94 patients thought to suffer from CTS excluded from
current study:
Characteristic Number %
Normal Latencies 61 64.8
Over 65 Years of age 21 22.3
Symptoms for > five years 15 15.9
Previous surgery 15 15.9
Previous injection 7 7.4
Previous fracture 4 4.2
Diabetic 3 3.2
Hypothyroid 3 3.2
Note - a number of patients were characterised by more than one of the above.
Information regarding the symptomology and other characteristics of the cases is presented 
here, such that comparisons may ultimately be made between this group of patients and 
those in other studies.
3.1.2 Age and Sex
At the end of the twelve month period, 34 matched pairs had been identified. 23 (68%) of 
the final population were female. The mean ages of the cases are detailed below:
Table 3.5: Mean age (years) of the cases:
Group N Mean sd Range
Females 23 49.3 10.0 26-63
Males 11 40.1 12.3 22-60
Both Sexes 34 46.3 11.5 22-63
(When compared using an unpaired t-test, the females were found to be significantly older than the males: t= -2.32 with 32 df; p = 
0.046.
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When the ages of the sexes were compared, the females were found to be significantly 
older than the males, (p < 0.05). A breakdown of age and sex allows further investigation 
of this age difference.
Table 3.6: Age and Sex breakdown of the Cases:
Group All Ages 18-24 25-44 45-64
Males 11 2 5 4
Females 23 0 5 18
All 34 2 10 22
M:F Ratio 1:2.1 __ 1:1 1:4.5
(These age groups allow comparison with the categories in section 1.3)
The age limits in the table above were chosen as they corresponded to those used in the 
RCGP study of patients presenting in general practice, (RCGP/OPCS/DHSS 1986; section 
1.3). Thus the general trends could be compared. These data are presented graphically on 
the following page.
For the females there is an age related increase in the number of patients. For the 45-64 
year old age group, the female to male ratio had risen to 4.5:1. Women in this age group 
accounted for 78% of female group and 53% of the cases.
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18-24 25-44 45-64
g^e e^ars)
Figure 3.1: Frequency distribution of the ages of the CTS patients.
N.B. The width of the age bands is not uniform. These age bands 
were chosen to allow comparison with the data in section 1.3.
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3.1.3 Diagnostic Details
Details concerning the distribution of hand symptoms and electrodiagnostic fingings are 
given below.
Distribution o f Hand Symptoms
The site of symptoms affecting the hands are illustrated in figure 3.2. The numbers in each 
area relate to the number of CTS patients reporting paraesthesia, numbness or aching.
The tips of the fingers were more commonly reported to be affected than the lower parts, 
(e.g. 28 patients reported numbness and paraesthesia in the tip of the middle finger of the 
right hand as opposed to 14 who indicated that the whole finger was affected). Some 
patients reported that the whole of digit IV was affected, even though it is generally 
accepted that the median nerve distribution only innervates the radial side of this finger.
Paraesthesia generally affected the fingers and thumb. The symptoms in the palm included 
aching over the thenar eminence and aching and tightness over the carpal tunnel.
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Figure 3 .2: Location of hand symptoms of the 34 CTS patients
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Neurophysiological Measures
Electrodiagnostic data (distal motor latencies and nerve conduction velocities) are detailed 
in the table below.
Table 3.7: Electrodiagnostic Data:
Affected Hand*
N Mean sd Range
Median Nerve DML (msec) 34 6.3 1.9 5.0 -14.4
Forearm NCV (m. sec”*) 34 55.1 3.5 49-62
Ulnar Nerve DML (msec) 34 2.5 0.45 1.9-3.4
* If bilateral, data from the more severdy affected hand are given 
Normal Ranges Reported in the Literature (for comparison):
Median Nerve DML (msec) 2.1-3.9 (Kimura 1978) to 2.8-4.8 (Thomas 1960)
Forearm NCV (m.sec"*) 46-66 (Appendix III) to 52-66 (Mayer 1963)
Ulnar Nerve DML (msec) 1.7-3.7 (Bhala & Goodgold 1968) to 2.2-3.8 (Eisen 1974)
The neurophysiological data presented above provided objective confirmation that the 
median nerve was functioning abnormally.
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3.1.4 Symptom Characteristics
The following sections relate to symptom patterns and characteristics. These were not used 
in the diagnostic decision making process.
Laterality o f Symptoms
Twenty cases, (59%) reported that both hands were affected. Of the remainder, 10 (29%) 
were affected in their right hand only and 4 (12%) were affected exclusively in their left 
hand.
The hypothesis that cases experienced symptoms in their dominant hand, (or if bilateral 
that the dominant hand was the more severely affected) was tested.
Table 3.8: Laterality of Symptoms and Handedness:
Affected Hand
Right Left
Right
Preferred
1
1 15 
1
1
1 14 
1
29
Hand
Left
1
1 1 
1
1
1 3 
1
4
Chi squared = 0.22 with 1 df 
Probability = 0.64
16 17 33
*
- If bilateral this refers to the more severely affected hand.
Data relating to 33 patients is reported. Hie remaining one had undergone surgery to one hand and consequently the information is not
The laterality of symptoms did not differ significantly from the expected distribution, 
indicating that it was independent of hand preference.
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Diagnostic Tests
Both the Phalens test and the Flick test were administered to the CTS patients. These two 
tests were not used in making a diagnosis of the syndrome. The Phalens test was used to 
characterise the cases in terms of other studies.
Phalens Test
The Phalens test, (see section 1.2.3) involves asking the patient to fully flex his/her wrist 
for up to a minute. If symptoms of CTS are experienced in this minute, a positive result is 
recorded. The specificity and sensitivity of the Phalens Test were calculated from the case 
and control groups in this study.
Table 3.9: Diagnostic Capabilities of Phalens Test:
Cases Controls
Positive 21 3
Negative 10 31
Total Number Tested 31 34
Sensitivity = 21/31 x 100% = 68%
Specificity = 31/34 x 100% = 91%
Three cases (1 male aged 35 and two females aged 49 and 61) were not tested as they had 
pressing appointm ents and asked if  they could leave im m ediately after the 
electrophysiological tests. It was felt that given the time available, it was more important to 
collect other data in preference to administering this test.
There is currently no evidence to suggest that the outcome of Phalens Test is in any way 
age or sex dependent. Thus the inclusion of the three unmatched controls in the specificity 
calculation was not thought likely to bias the magnitude of the sensitivity.
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The Flick Test
The Flick test, which involves asking "What do you actually do with your hands when the 
pain is at its worst?", was only administered to the cases since the controls did not have 
upper limb symptoms. Thus it is only possible to get an indication of the sensitivity of the 
Flick test.
Table 3.10: Sensitivity of the Flick Test:
Positive 
Negative
Sensitivity = 5/34 x 100% = 15%
The sensitivity of the Flick test was found to be 15%.
Combination of the Two Tests
As it is unusual for a diagnosis of CTS to be made on the basis of one test alone, it was 
decided to determine the sensitivity of both tests. Twenty three of the 31 cases who had 
undergone both tests (i.e. 74%) responded positively to at least one of them, (twenty one 
gave a positive response to the Phalens test and three a positive result to the Flick test).
Cases
5
29
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Variations in Symptom Severity
One of the characteristics of CTS is the fact that symptoms are most severe at night (Posch 
& Marcotte 1977; Phalen, 1966). Patients in this study were asked whether their symptoms 
were more severe at any time during the day, night, week, month or year. If they answered 
’yes’ to any of these, they were then asked when symptoms were at their worst. The results 
are summarised below:
Table 3.11: Characteristics of Symptom Severity:
When Symptoms Most SevereNumber/Total (Percent)
At Night 24/34 (70)
On Waking 14/34 (41)
On Use of Hands 4/34 (12)
In the Cold 3/34 (9)
In Winter^ 2/34 (6)
In Spring 1/34 (3)
- The subject who reported this suggested that symptoms were worse due to an increase in gardening
It should be noted that these characteristics are not mutually exclusive.
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Symptoms related to Female Reproductive Status
Female cases were asked if they had ever experienced tingling and numbness in their 
hands or wrists related to their reproductive status.
Table 3.12: Symptoms Related to Female Reproductive Status:
Symptoms Experienced Number/Total (Percent)
During Pregnancy 3/17 (18)
Premenstrually 3/21 (14)
Since Onset of Menopause 14/15 (93)
Since Gynaecological Surgery 3/6 (50)
Whilst Using Oral Contraceptives 2/6 (33)
*- The total numbers here relate to the total number to whom the description applied. Two women reported that they couldn’t 
remember whether they had experienced symptoms during pregnancy.
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Duration of Symptoms
The selection criteria specified that patients must have had their symptoms for between 5 
weeks and five years. The distribution of the time between onset of symptoms and 
interview is presented in figure 3.3. Twenty six, (76%) had had their symptoms for under a 
year.
Hypothesized Cause of Hand Symptoms
Patients were asked whether they experienced any pain or discomfort in any part of their 
body in the previous twelve months. If they answered ’yes’ they were required to shade 
their symptoms and indicate whether they attributed their symptoms to anything that they 
did, (e.g. work, sports, hobbies).
Table 3.13: Activities reported by CTS patients to be associated with their condition:
Activity Number
Job or Occupation 3
Carrying Shopping 2
Screwdnving 1
Knitting 1
Heavy DIY 1
Gardening & Knitting 1
Driving 1
Sleeping 1
Ten patients, (29%) reported that they associated their condition with activities involving 
the use of the hands.
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Figure 3.3: Distribution of time of onset of symptoms prior to
interview.
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Point prevalence o f Upper Limb Pain
The point prevalence of upper limb pain was determined from questionnaire item section 
C, question 2. Patients were asked ’do you have any pain at the moment in any of these 
parts of the body?’, and were required to indicate which areas of those listed below which 
were affected.
The results are presented below:
Table 3.14: Point prevalence ofupper limb pain:
Site Number (%)
Neck 5 15
Shoulder 8 24
Upper Arm 4 12
Elbow 4 12
Lower Arm 6 18
Wrist 15 45
Hand 20 60
(One patient failed to provide these details)
Twelve, (36%) of the group of CTS patients were not experiencing pain at the time of 
interview.
169
3.2 Results from the Main Study - Aspects of Vitamin B6 Status
The results of the EGOT stimulation assay are presented below. Comparisons between the 
cases, controls and University volunteers were made.
3.2.1 Comparison of Vitamin B6 Status
Cases and controls were compared with respect to the four aspects of vitamin B6 status, 
namely, % Activation, % Deficiency, and EGOT activity with and without added vitamin 
B6. It should be pointed out that only 32 cases and twenty control subjects provided blood 
samples for analysis, resulting in a total of 19 pairs matched for sex and age ± 3 years.
It was hypothesized that the cases would be vitamin B6 deficient and that this would be 
reflected in these blood results.
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% Activation
The distribution of % Activation for the cases and controls is illustrated graphically in 
figures 3.4 and 3.5 respectively. Whilst it is evident that the distributions approximate to 
the normal distribution, the discrepancy in the variances suggested that the Wilcoxon 
matched pairs signed ranks test would be appropriate.
It was hypothesized that the % Activation of the cases would be signifiantly greater than 
the controls. % Activation relates to the ratio of the enzyme fraction remaining unbound to 
the co-enzyme to the enzyme fraction bound to the co-factor. If this is elevated, the 
proportion of unbound enzyme molecules is increased.
Table 3.15: Comparison of % Activation (Cases vs Controls):
Group Number Mean Standard
Deviation
Variance
Cases 19 78.1 27.9 780
Controls 19 81.9 21.4 460
Wilcoxon Matched Pairs Signed Ranks test 
Mean Rank Pairs
11.00 7 negative ranks (controls < cases)
9.42 12 positive ranks (controls > cases)
Total 19
Z = -0.724
Probability (one tailed) p = 0.23 
Valid Pairs = 19
The difference between the two groups was not statistically significant, suggesting that the 
two groups were comparable.
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% Deficiency *
The frequency distributions of % Deficiency for the cases and controls are illustrated in 
figures 3.6 and 3.7 respectively.
It was hypothesized that the cases would appear to be vitamin B6 deficient as compared 
with the controls, thus they would have a higher ^Deficiency.
Table 3.16: Comparison of % Deficiency (Cases vs Controls):
Group Number Mean Standard
Deviation
Variance
Cases 19 42.5 8.4 71.0
Controls 19 44.1 6.2 38.4
Wilcoxon Matched Pairs Signed Ranks test 
Mean Rank Pairs
10.43 7 negative ranks (controls < cases)
9.75 12 positive ranks (controls > cases)
Total 19
Z = -0.8853
Probability (one tailed) p = 0.19 
Valid Pairs = 19
The difference between the cases and controls was not statistically significant
1  . The term ’%Deficiency’ may be considered to represent the percentage of EGOT enzyme molecules remaining unbound to the cofactor 
pyridoxal 5 ’phosphate (vitamin B6). Normally the vitamin B6 dependentenzymes are not completely saturated with the cofactor. Thus the value 
for %Defidency will always be >0 unless very high doses of the vitamin have been ingested. Thus the use of the term %Deficiency to 
characterise the vitamin B6 status of an individual does not necessarily imply that they are suffering from clinical vitamin B6 deficiency.
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Figure 3.6:Frequency distribution of %Deficiency for the case group
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Figure 3.7:Frequency distribution of %Deficiency for the control group
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EGOT Activity without added Vitamin B6
The frequency distribution of EGOT activity (without added vitamin B6), for the cases and 
control groups is illustrated in figure 3.8 and 3.9.
It was hypothesized that the cases would be vitamin B6 deficient as compared to control 
subjects and that this would be reflected in a decrease in the basal levels of the EGOT 
activity.
%Table 3.17: Comparison of EGOT activity without added vitamin B6, 
(Cases vs Controls):
Group Number Mean Standard Variance
Deviation
Cases 19 2.36 0.75 0.56
Controls 19 2.47 0.56 0.31
Wilcoxon Matched Pairs Signed Ranks test 
Mean Rank Pairs
7.40 10 negative ranks (controls < cases)
12.13 8 positive ranks (controls > cases)
1 ties (controls = cases)
Total 19
Z = -0.501
Probability (one tailed) p = 0.31 
Valid Pairs = 19
* - Units.gHb-1
There was no significant difference between the two groups.
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Figure 3.8: Frequency distribution of EGOT activity without added
vitamin B6 (Units.gHb-:I-)for the case group
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EGOT Activity with added Vitamin B6
The frequency distribution of EGOT activity with added vitamin B6 is illustrated in figures 
3.10 and 3.11.
If the cases were vitamin B6 deficient, one would expect EGOT activity with vitamin B6 
to be lower for the cases than for the controls:
HeTable 3.18: Comparison of EGOT activity with added vitamin B6,
(Cases vs Controls):
Group Number Mean Standard Variance
Deviation
Cases 19 4.08 0.89 0.80
Controls 19 4.41 0.69 0.47
Wilcoxon Matched Pairs Signed Ranks test 
Mean Rank Pairs
10.80 5 negative ranks (controls < cases)
9.00 13 positive ranks (controls > cases)
1 ties (control = case)
Total 19
Z = -1.372
Probability (one tailed) p = 0.08 
Valid Pairs = 19
- Units.gHb’^
There was no significant difference between the cases and controls with respect to this 
variable.
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Figure 3.10: Frequency distribution of EGOT activity with added
vitamin B6 (Units.gHb-1)for the case group
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3.2.2 Vitamin B6 Status of the University Volunteers
The university volunteers (representing a ’normal* healthy population) was not matched to 
the cases and consequently it was necessary to determine whether there were any age and 
sex effects relating to the four variables of the vitamin B6 assay.
The mean values of %Activation, %Deficiency, and EGOT activity, (with and without 
added vitamin B6) for the university control group are given in the table below.
Table 3.19: Vitamin B6 Status of the University Volunteers:
Variable Number Mean
% Activation 50 79.9
% Deficiency 50 43.3
EGOT *(No B6) 50 2.36
EGOT (with B6) 50 4.09
* - Unils.gHb"1
Normal Values Reported by Bayoumi & Rosalki (1976):
% Activation: 83 ± 24 (N=15 normal subjects).
%Deficiency: 45 (calculated from %Activation)
The frequency distributions of the various the vitamin B6 measures for the university 
control group are illustrated in figures 3.12 - 3.15.
Investigation o f Age and Sex Effects
In order to determine whether any of these four variables was age dependent, scatterplots 
of age versus each variable were produced, (see Appendix V). Inspection of these 
suggested that if there was any association it appeared to be linear in fashion. 
Consequently, Pearsons Correlation Coefficient r was calculated:
Standard
Deviation
21.3
6.9
0.55
0.64
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Table 3.20: Correlation of Age with Vitamin B6 Variables - Calculation of Pearsons r :
% Activation %Deficiency EGOT Activity EGOT Activity
without B6 with B6
Males only 
(N=25)
AGEr -0.10 -0.10 0.18 0.16
P 0.31 0.33 0.19 0.23
Females only 
(N=25)
AGEr -0.20 -0.16 0.02 -0.04
P 0.17 0.22 0.46 0.42
Both sexes 
(N=50)
AGEr -0.14 -0.12 -0.09 -0.06
P 0.16 0.20 0.25 0.35
There were no significant correlations between age and any of the vitamin B6 variables for 
the group as a whole or for the two sexes taken separately.
184
N
o.
 
of
 
su
b
je
c
ts
Figure
31-50 ' 71-90 111-130 151-170
51-70 > 91-110 131-150
% M iv o t io n
J.12: Frequency histogram of %Activation for the university
volunteer group
185
N
o.
 
of
 
su
b
je
c
ts
5
40-44 50-5430-3420-24
25-29 35-39 45-49 55-59
% Deficiency
Uni. Vdun
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Comparisons by Sex
Males and Females were compared with respect to %Activation %Deficiency, EGOT 
activity (with and without added vitamin B6):
Table 3.21: %Activation for Male and Female University Volunteers:
Group Number Mean Standard
Deviation
Males 25 78.2 23.4
Females 25 81.6 19.4
Unpaired t test 
t = -0.56 with 48 df 
Probability (two tailed) p = 0.58
Table 3.22: %Deficiency for Male and Female University Volunteers:
Group Number Mean Standard
Deviation
Males 25 42.4 7.7
Females 25 44.2 6.2
Unpaired t test 
t = -0.96 with 48 df 
Probability (two tailed) p = 0.34
Table 3.23: EGOT Activity without vitamin B6 for male and female university 
volunteers:
Group Number Mean Standard
Deviation
Males 25 2.48 0.54
Females 25 2.24 0.53
Unpaired t test 
t=  1.55 with 48 df 
Probability (two tailed) p = 0.13
* - Units.gHb'l
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Table 3.24: EGOT Activity with vitamin B6 for male and female university volunteers:
Group Number Mean Standard
Deviation
Males 25 4.20 0.66
Females 25 3.99 0.62
Unpaired t test 
t = 1.15 with 48 df 
Probability (two tailed) p = 0.26
* - Units.gHb'1
There were no significant differences, and it was assumed that the group means for the 
university could be compared with the cases and controls from the main study.
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3.2.3 University Volunteers Compared with Cases
The University volunteers were compared with the cases with respect to vitamin B6 status. 
Again, there was a discrepancy in the variances sugesting that the Mann-Whitney U test 
would be most appropriate. Again, it was hypothesized that the cases would be 
significantly vitamin B6 deficient as compared with the university volunteers.
Table 3.25: Comparison of %Activation (Cases vs University Volunteers):
Group Number Mean Standard
Deviation
University
Volunteers 50 79.9 21.3 
Cases 32 75.6 25.1
Variance
455
632
Mann-Whitney U test
Mean Rank Number
43.6 50 University Volunteer
38.1 32 Cases
Total 82
Z = -1.03
Probability (one tailed) p = 0.15
Valid Pairs = 19
Table 3.26: Comparison of %Deficiency (Cases vs University Volunteers):
Group Number Mean Standard
Deviation
University
Volunteers 50 43.3 6.9 
Cases 32 41.8 7.9
Variance
48.1
62.5
Mann-Whitney U test
Mean Rank Number
43.5 50 University Volunteer
38.3 32 Cases
Total 82
Z = -0.96
Probability (one tailed) p = 0.17
Valid Pairs = 19
Table 3.27: Comparison of EGOT Activity * without added Vitamin B6,
(Cases vs University Volunteers):
Group Number Mean Standard Variance
Deviation
University
Volunteers 50 2.36 0.55 0.30
Cases 32 2.35 0.71 0.51
Mann-Whitney U test
Mean Rank Number
42.8 50 University Volunteer
39.5 32 Cases
Total 82
Z = -0.61
Probability (one tailed) p = 0.27 
Valid Pairs = 19
* - Units.gHb"1
Table 3.28: Comparison of EGOT Activity * with added Vitamin B6, 
(Cases vs University Volunteers):
Group Number Mean Standard Variance
Deviation
University
Volunteers 50 4.09 0.64 0.41
Cases 32 3.98 0.85 0.72
Mann-Whitney U test
Mean Rank Number
43.7 50 University Volunteer
38.1 32 Cases
Total 82
Z = -1.03
Probability (one tailed) p = 0.15 
Valid Pairs = 19
* - Units.gHb’1
There were no significant differences between the cases and university volunteers as 
regards vitamin B6 status.
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3.2.4 Controls and University Volunteers
In addition to the cases, the controls were also compared with the university volunteers.
Table 3.29: Comparison of %Activation (Controls vs University Volunteers):
Group Number Mean Standard Variance
Deviation
University
Volunteers 50 79.9 21.3 455
Controls 20 80.6 21.7 472
Unpaired t test 
t = -0.13 with 68 df 
Probability (two tailed) p = 0.90
Table 3.30: Comparison of %Deficiency (Controls vs University Volunteers):
Group Number Mean Standard Variance
Deviation
University
Volunteers 50 43.3 6.9 48.1
Controls 20 43.6 6.3 40.6
Unpaired t test
t = -0.17 with 68 df
Probability (two tailed) p = 0.86
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Table 3.31: Comparison of EGOT Activity * without added Vitamin B6,
(Controls vs University Volunteers):
Group Number Mean Standard Variance
Deviation
University
Volunteers 50 2.36 0.55 0.30
Controls 20 2.52 0.59 0.35
Unpaired t test 
t = -1.07 with 68 df 
Probability (two tailed) p = 0.29
- Units.gHb"*
Table 3.32: Comparison of EGOT Activity * with Added Vitamin B6, 
(Controls vs University Volunteers):
Group Number Mean Standard Varaince
Deviation
University
Volunteers 50 4.09 0.64 0.41
Controls 20 4.46 0.70 0.49
Unpaired t test 
t = -2.11 with 68 df 
Probability (two tailed) p = 0.04
- Units.gHb"*
The two groups were comparable in all but one facet of the assay, namely EGOT activity 
with added vitamin B6, in which the controls had a significantly higher level than the 
university volunteers. This was the only significant difference noted.
For the sake of comparison, the distributions of the four vitamin B6 variables for the cases, 
controls and university volunteers, (expressed as a percentage of the group from which 
they were taken), are illustrated in figures 3.16 to 3.19.
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The Normal Range
The mean and standard deviations of the university volunteers vitamin B6 variables were 
used to calculate the limits of the normal range, (see below). It was taken to be the mean ± 
2 standard deviations. The thresholds suggestive of vitamin B6 deficiency were 
established. It was hypothesized that the proportion of cases falling outside the normal 
range would out number the proportion of the controls.
Table 3.33: Normal Limits Calculated from the University Volunteer Group:
Variable
% Activation 
% Deficiency 
EGOT*(NoB6)
EGOT (with B6)
Mean Standard
Deviation
Normal
Range
Abnormal
(Deficient)
79.9 21.3 37.3 - 122.5 >123
43.3 6.9 29.5 - 57.1 >57.1
2.36 0.55 1.26 - 3.46 <1.26
4.09 0.64 2.81-5.37 <2.81
When the cases and controls were compared with respect to the whether or not they fell 
outside the normal range and were vitamin B6 deficient, the number of discordant pairs in 
the 2x2 tables was low, (varying from 0 to 2). It was not possible to draw any conclusions 
from these comparisons, since the probability of any eventual outcome would be greater 
than p = 0.05.
Only one case and one control were considered abnormal according to the %Activation 
and one case abnormal according to the %Deficiency measure. All patients were normal as 
regards the EGOT activity measures.
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3.3 Results of the Main Study - Systemic Conditions
The only systemic conditions considered in this study are rheumatism and arthritis and also 
hypertension.
3.3.1 Arthritis and Rheumatism
Two aspects of Arthritis and Rheumatism were investigated. Firstly, subjects were asked if 
they had ever been diagnosed by their doctor as suffering from arthritis, rheumatism or 
’wear and tear’. It was hypothesized that the cases would outnumber the controls as 
regards this attribute:
Table 3.34: Suffering from Arthritis/Rheumatism/’wear & tear’:
Controls 
Diagnosed Not Diagnosed
Diagnosed
1 1 
1 4 1 
1 1
1
9 1 13
Not Diagnosed
1 1 
1 6 1 
1 1
1
14 1 
1
20
10 23 33
Binomial Test
Probability (one tailed) p = 0.30
Valid pairs = 33 
Missing pairs = 1
No significant difference between the two groups was evident.
200
Arthritis, Rheumatism and’wear or tearf Excluding Hand andlor Wrist Alone 
It is possible that CTS patients may have interpreted their current condition as an arthritic 
one, or their family doctor might have described it thus, without any additional evidence of 
arthritis or rheumatism. Consequently, it was thought prudent to exclude cases of arthritis 
affecting the wrist or hand only. The test was repeated, this time comparing subjects who 
had been diagnosed as suffering from arthritis, rheumatism or ’wear and tear’ in any part 
of their body, but excluding hands and /  or wrists alone.
Table 3.35: Arthritis, Rheumatism or ’wear and tear’, (excluding hands and/or wrists
alone):
Controls 
Diagnosed Not Diagnosed
Cases
Binomial Test
Probability (one tailed) p = 0.5
Valid Pairs = 33 
Missing Pairs = 1
Diagnosed 1 2 1 
1 1
1
7 1 
1
9
Not Diagnosed
1 1 
1 8 1 
1 1
16 1 
1
24
10 23 33
There was no significant difference between the two groups after persons diagnosed as 
suffering from Arthritis /  Rheumatism or ’wear and tear’ affecting the hands and /  or wrists 
alone were excluded from the group.
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Rheumatoid Factor
Blood samples for those persons who gave blood, (except the volunteers from the 
university) were also tested for rheumatoid factor. It was hypothesized that the number of 
cases who were rheumatoid factor positive would significantly outnumber the controls:
Table 3.36: Rheumatoid Factor:
Controls 
Positive Negative
Positive 1 0 1 
1 1
1
1 1 
1
1
Negative
1 1 
1 0 1 
1 1
1
18 1 
1
18
0 19 19
Binomial Test
Probability (one tailed) p = 0.5
Valid Pairs = 19 
Missing Pairs = 15
It should be remembered that blood was not taken from control patients from Famham 
Road Hospital. Only 20 controls gave blood samples and 31 cases, (resulting in 19 pairs). 
Of these nineteen pairs, only one person proved to be Rheumatoid positive. It is thus not 
possible to comment on the results.
It is interesting to note that none of the 20 number of controls who were tested gave a 
positive result whilst 3 of the 32 cases (9.7%) proved positive.
It must be remembered only a certain proportion of all Rheumatoid patients will give a 
positive response, (about 80%). Also about 5% of the normal population will give a 
positive result, (Barnes, 1986). Thus it is not possible to classify a patient as suffering from 
rheumatoid arthritis using tests for rheumatoid factor with complete confidence.
2 0 2  .
3.3.2 Hypertension
Information regarding hypertension was recorded as it was felt that this would help to 
characterise the health status of the subjects concerned. Congestive heart failure has been 
reported to be associated with CTS, and the reports of hypertension during pregnancy 
suggested that some of the health of the circulatory system would be of interest. In 
addition, it has recently been suggested that longterm use of antihypertensive medication 
(p-blockers) might be associated with CTS (Emara & Saadah, 1988). This was only 
published after the reported case-control study had begun.
History of Hypertension
Patients were asked (Section C question 11 f) if they had ever been diagnosed by a doctor 
as suffering from high blood pressure. Whilst the cases outnumbered the controls as 
regards a positive response to this question, the validity and appropriateness of this data 
was regarded as unacceptable. The reliance on the patients memory and the probable 
variation in the diagnosis of hypertension were two factors identified which represented a 
cause for concern. No statistical tests have thus been undertaken with respect to these data.
Information concerning medication for hypertension is presented on the following page.
Table 3.37: History of Hypertension:
Controls
History of No History of
Hypertension Hypertension
11 
23 
34
Cases
History of 
Hypertension
No History of 
Hypertension
1 1 
1 2 1 
1 1
9
1 1 
1 2 1 
1 1
21
30
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Hypertension Medication
When asked about medication in the interview, it was possible to ascertain whether a 
patient was currently taking medication for hypertension. However, further classification 
of medical preparations was not possible as often the patient could not remember the name 
of the drugs. In addition, no data were available concerning the length of time that these 
patients were on such medication.
Table 3.38: Medication for Hypertension: 
Medication
Cases
No Medication
Odds Ratio = 5/1 = 5.0 
Binomial Test
Probability (one tailed) p = 0.11 
Valid Pairs = 34
Controls 
Medication No Medication
1 1 
1 0 1 5 1 
1
5
1 1 
1 1 1 
1 1
1
28 1 
1
29
1 30 34
The difference between the two groups was not statistically significant, but it should be 
noted that the cases were more often on medication than controls. The lack of significance 
may be a product of the small numbers involved.
Year of Diagnosis of Hypertension
Of the eleven cases diagnosed as suffering from hypertension, information concerning the 
year of onset was available for nine. It is of passing interest that the diagnosis of 
hypertension preceded the onset of symptoms of CTS in every one of these nine cases.
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3.4 Results of the Main Study - Factors Related to the Hand & Wrist
3.4.1 Work Related Factors
Information concerning aspects of the occupations of the subjects was collected using the 
questionnaire (Section A). It was recognised that this information would be dependent 
upon the subjects’ memory and would probably be less reliable than information collected 
as the result of direct observation and task analysis in the workplace.
Information regarding certain work related risk factors was collected. In addition to this, 
information was collected in order to establish whether the cases and controls were 
comparable in other respects. If gross differences were apparent with regard to factors that 
might be assumed to be unrelated to CTS, the validity of comparing the groups with 
respect to other factors would be called into question.
It should be stressed that of the twenty three cases, all except one were employed in their 
current job when they first experienced their symptoms. The remaining one was washing 
up, cleaning and serving customers and was a cleaner previously. Thus, the work related 
factors compared also relate to the tasks performed when the symptoms began.
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Employment Status
It was possible to classify cases and controls as currently employed or not currently 
employed, (i.e. retired, unemployed or homekeeper: (questionnaire Section A question
l.a).
Table 3.39: Employment Status:
Controls
Currently Not Currently
Employed Employed
1
Currently Employed 1
1
1
23 1 
1
3 1 
1
26
Not Currently Employed 1
1
1
6 1 
1
1
2 1 
1
8
29 5 34
Binomial Test
Probability (two-tailed) p = 0.51
Valid Pairs = 34 
Missing Pairs = 0
No significant difference between the two groups was evident.
It may be suggested that a proportion of patients attending rheumatology clinics may be 
unable to undertake paid employment as they may suffer from additional rheumatological 
problems in other areas and thus be physically unable to work. In fact, all those admitted to 
the study were either employed or considered to be capable of paid employment.
It should be noted that with the exception of one individual, all the cases were employed in 
their current jobs when their symptoms began. The exception was a female who was 
currently doing a similar to her previous one.
206
Time in Current Occupation
Cases and controls were compared in terms of the time that they had been in their current 
job: (Section A question 1 c). The Wilcoxon matched pairs sign test was used due to the 
discrepancy in the variances of the two groups and the non-normal distribution, (figure 
3.20).
Table 3.40: Time (Years) in Current Occupation:
Group Number Mean Standard
Deviation
Variance
Cases 22 9.1 9.9 99.7
Controls 22 8.6 5.5 31.0
Wilcoxon Matched Pairs Signed Rank Test 
Mean Rank Pairs
11.89 9 negative ranks (controls < cases)
11.23 13 positive ranks (controls > cases)
Total 22
Z = -0.633
Probability (two tailed) p = 0.53 
Valid Pairs = 22
Excluded Pairs = 11 (one or both of pair not employed) 
Missing Pairs = 1
No significant difference between the two groups was evident.
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Number of Hours Worked Weekly
Cases and controls were also compared in terms of the number of hours worked per week, 
(Section A question 4). The frequency distribution of the number of hours worked weekly 
is illustrated in figure 3.21.
Table 3.41: Number of Hours Worked per Week:
Group Number Mean Standard Variance Mean
Deviation Difference
Cases 21 38.2 13.5 182.7
- 0.6
Controls 21 38.8 11.9 141.4
Paired t test
t = -0.18 with 20 degrees of freedom 
Probability (two tailed) p = 0.86
Valid Pairs = 21
Excluded Pairs = 11 (at least one of pair not employed)
Missing Pairs = 2
No significant difference between the two groups was evident.
Comparisons of employment status, hours worked per week and time in current job failed 
to demonstrate any significant differences indicating that with respect to these variables, 
the case and control population may be considered to be similar.
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Performance of Repetitive Manual Work
Subjects were asked if they considered that their work was of a repetitive nature and if it 
involved the use of their hands (Section A question 7). It should be noted that the response 
to this question was open to individual interpretation. It was hypothesized that the 
proportion of cases responding positively to this item would significantly outnumber the 
controls.
Table 3.42: Performance of Repetitive Manual Work:
Controls 
Repetitive Non Repetitive
Repetitive
1 1 
1 10 1 
1 1
1
10 1 
1
20
Non-Repetitive
1 1 
1 2 1 
1 1
1
1 1 3
12 11 23
Odds Ratio = 10/2 = 5.0 
Binomial Test
Probability (one tailed) p = 0.019 
Valid Pairs = 23
Excluded Pairs = 11 (One or more of pair not employed) 
Missing Pairs = 0
A significant association between CTS and the performance of repetitive manual work of a 
repetitive nature was noted, (odds ratio = 5.0, p<0.05).
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The Use of Vibratory Hand Held Tools
Subjects were asked the question "Do you use any hand held motor driven or power tools 
or machines in your job?", (Section A question 9), as the use of such tools has been 
associated with the syndrome, (section 1.5.2). If they answered ’Yes’ to this question they 
were then asked to describe the tool(s) and indicate the amount of time each day, that they 
used it (them). Common household appliances (eg hoovers or hairdryers), were not 
included. Persons who were not employed at the time of interview did not list hobbies such 
as D.I.Y. in their leisure pursuits. They were assumed not to use such tools and classed as 
non-users.
It should be noted that this question related to current use of such tools. No details of past 
exposure were collected.
Table 3.43: Use of Vibratory Tools:
Controls 
Uses Does Not Use
Vibratory Vibratory
Tools Tools
Uses Vibratory 
Cases Tools
Does Not Use 
Vibratory Tools
6 28 34
Binomial Test
Probability (one-tailed) p = 0.19
Valid Pairs = 34 
Missing Pairs = 0
There was no significant difference between the two groups (p>0.05). It should be noted 
that the total num ber of persons using such tools was sm all, (9/68=13% ).
1
2 1 
1
1 1
4 1 
1
27 1
3
31
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The tools that were reported included electric sanders, drills, band scourers, floor polishers, 
jigsaws, and hydraulic sheet metal cutters.
Work Involving Keyboard Tasks
If subjects listed typing tasks or keyboard use in their job description, they were classified 
as performing keyboard work. (No distinction was made between the use of typewriters 
and word processors). Again it was assumed that persons not employed at the time of 
interview did not perform typing tasks, (None of those concerned listed leisure pursuits 
which might be assumed to involve typing tasks).
Table 3.44: Typing Tasks:
Controls 
Typing Non-Typing
Typing
1 1 
1 0 1 
1 1
1
2 1 
1
2
Non-Typing
1 1 
1 6 1 
1 1
1
23 1 
1
29
6 25 31
Binomial Test
Probability (one tailed) p = 0.15
Valid Pairs = 31 
Missing Pairs = 3
The result is not significant at the 5% level.
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Forcefulness
On the basis of job descriptions, cases and controls were classed as performing jobs likely 
to involve low forces to be exerted by the hands or medium to high forces. ’Low force’ 
jobs were those for which power grips were thought to be used infrequently. These 
included clerical and office work, (secretarial and managerial) and other jobs requiring 
precision work (e.g. hairdressing, sewing and fine electrical work). The ’medium to high’ 
force category included jobs where power grips would be likely to be frequently required 
including carpentry, packing products and cleaning. It is recognised that the classification 
is a subjective one.
A list of which jobs fell into each of the two categories is given in Appendix V.
Table 3.45: Forcefulness of Job:
Cases
Medium to High Force 
Low Force
Binomial Test
Probability (one tailed) p = 0.21 
Valid Pairs = 23
Controls 
Medium to Low 
High Force Force
15
12
11
23
Whilst the cases outnumbered the controls, with respect to the performance of jobs 
involving medium to high forces to be exerted by the hands, the difference was not 
statistically significant.
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3.4.2 Sprain or Dislocation of the Wrist
Subjects who had sprained or dislocated their wrist or hand were identified through the 
questionnaire, (Section C question 9b). It was hypothesized that this might be a risk factor, 
since Colles’ fractures have been thought to be associated with CTS, (section 1.5.2), but it 
may be argued that these represent the most severe form of non penetrating injury, 
involving forces sufficient to cause bone to break.
Table 3.46: Sprain or Dislocation of Wrist or Hand:
Controls 
Yes No
Yes 1 0 1 
1 1
1
1 1 
1
1
No
1 1 
1 3 1 
1 1
1
28 1 31
3 29 32
Binomial Test
Probability (one tailed) P = 0.31
Valid Pairs = 32 
Missing Pairs = 2
The difference between the proportion of cases and controls who had either sprained or 
dislocated their wrist or hand was not statistically significant.
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3.4.3 Leisure Activities
Subjects were asked whether they participated in any sports, hobbies or leisure pursuits 
(questionnaire, background details). If they answered ’yes’ they were required to list their 
leisure activities. It was felt that the activities listed related to those in which the patients 
currently participated. If their condition prevented participation in sports or other activities, 
but occurred relatively recently, it was assumed that the subjects would report these 
activities.
Table 3.47: Participation in Leisure Pursuits:
Controls 
Yes No
Yes
1 1 
1 11 1 
1 1
1
8 1 
1
19
No
1 1 
1 11 1
1
4 1 
1
15
22 12 34
Binomial Test
Probability (two tailed) p = 0.65 
Valid Pairs = 34
The cases and controls did not differ significantly with respect to the numbers who 
reported that they had hobbies or played sports. However, the leisure pursuits were then 
classified according to whether they involved the use of the hands.
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Leisure Pursuits Involving the Hands
It was hypothesized that cases would outnumber controls in terms of the number of them 
who admitted that they partook in sports which involved a high degree of hand use. The 
leisure pursuits listed by the subjects were classified in terms of whether or not they 
involved the use of their hands or not, (see Appendix V)
Table 3.48: Leisure Pursuits Involving the Hands:
Controls 
Yes No
Yes
1 1 
1 1 1 
1 1
1
11 1 
1
12
No
1 1 
! 4 1 
1 1
1
18 1 
1
18
5 29 34
Odds Ratio = 11/4 = 2.75 
Binomial Test
Probability (one-tailed) p = 0.03 
Valid Pairs = 34
The cases significantly outnumbered the controls with respect to the participation in leisure 
pursuits involving a high degree of hand use.
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3.5 Results of the Main Study - Other Factors
The remaining factors investigated in this study concerned aspects of female reproductive 
status and family history of the condition:
3.5.1 Female Reproductive Status
A number of questions related to the reproductive status of the female subjects (Section C 
questions 12-16). These questions served two purposes. Firstly they allowed quantification 
of the number of women who had experienced symptoms of CTS during specific periods 
of their reproductive history and secondly it allowed comparison of the proportions of 
women characterised by specific reproductive events or phases. The comparisons are 
detailed below. The variables considered included pregnany, gynaecological surgery and 
use of oral contraceptives.
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Pregnancy
Whilst pregnancy is known to be associated with CTS, pregnant women were excluded 
from the study population for reasons outlined earlier. It was possible to determine the 
proportion who had previously been pregnant (Section C question 12). It was not possible 
to determine whether all pregnancies were to term.
Table 3.49: Previous Pregnancy:
Controls 
Ever Never
Pregnant Pregnant
Ever Pregnant 1 16 
1
1 1 
I 3 1 
1 1
19
Never Pregnant
1
1 3 
1
1 1 
1 0 1 
1 1
3
19 3 22
Binomial Test
Probability (two-tailed) p = 1.00
Valid Pairs = 22 
Excluded Pairs = 11 (Males) 
Missing Pairs = 1
The cases with a history of pregnancy did not statistically differ from the controls:
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History of Gynaecological Surgery
Women with a history of gynaecological surgery were identified from the questionnaire 
(Section C Question 15), as this is thought to be a risk factor. Information regarding the 
precise nature of the gynaecological surgery was not collected.
Table 3.50: History of Gynaecological Surgery:
Gynaecological 
Cases Surgery
No Gynaecological 
Surgery
Binomial Test
Probability (one-tailed) p = 0.35
Valid Pairs = 21 
Excluded Pairs = 1J (Males) 
Missing Pairs = 2
Controls
Gynae­ No Gynae­
cological cological
Surgery Surgery
1 4
1 1 
1 2 1 
1 1
6
1 4
1 1 
1 11 1 
1 1
15
13 21
- From questionnaires returned by post - these missing data could not be checked)
There was no significant difference between the pairs.
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Current Use of Oral Contraceptives
When interviewed, each subject was asked if they were taking any medications including 
vitamin or mineral supplements and oral contraceptives. None of the women were using 
oral contraceptives at the time of interview.
History of Oral Contraceptive Use
Information regarding whether women had ever used oral contraceptives was collected, 
(Section C question 16).
Table 3.51: History of Oral Contraceptive Use:
Controls 
OCA Use No OCA Use
OCA Use
1 1 
1 5 1 
1 1
1
1 1 
1
6
No OCA Use
1 1 
1 7 1 
1 1
1
8 1 
1
15
12 9 21
Odds Ratio = 0.14 
Binomial Test
Probability (two-tailed) p = 0.07
Valid Pairs = 21 
Excluded Pairs = y  (Males)
Missing Pairs = 2
- From questionnaires returned by post - these missing data couldn’t be checked)
There was a trend towards a negative association between a history of Oral Contraceptive 
Use and CTS, (this was not significant at the 5% level).
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Hormone Replacement Therapy (HRT)
Women undergoing Hormone Replacement Therapy (HRT) were identified during the 
interview after being questioned about any medications. It was hypothesized that the 
proportion of CTS cases on this therapy would outnumber the controls, since HRT may 
regarded as comparable to oral contraceptives in that they contain synthetic oestrogens.
Table 3.52: Hormone Replacement Therapy:
Controls 
HRT YES HRT NO
HRT YES
1 1 
1 1 1 
1 1
1
0 1 
1
1
HRT NO
1 1 
1 2 1 
1 1
1
20 1 
1
22
3 20 23
Binomial Test
Probability (one tailed) p = 0.25
Valid Pairs = 23 
Excluded Pairs = 11 (Males)
The number of discordant pairs was only 2. The probability of any combination of these 
assuming they had arisen by chance is 0.25. Thus it is not possible to draw conclusions 
from these data.
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3.5.2 Family History
The possibility that cases or controls might have a familial predisposition to CTS was 
investigated by asking, ’has any one in your family ever experienced symptoms of pins 
and needles or numbness in their hands’ (interview question). If they answered ’Yes’ they 
were asked to give further details as to the precise nature of the symptoms. Only reports 
consistent with a diagnosis of CTS were taken to possibly suggest a family history of CTS.
Table 3.53: Family History of CTS:
Cases
Controls 
Family No Family
History History
1
Family History 1
1
1
0 1 
1
1
5 1 
1
5
No Family History 1
1
1
3 1 
1
1
25 1 
1
28
Binomial Test
Probability (one tailed) p = 0.36
3 30 33
Valid Pairs = 33
Missing Data = 1 (Unsure for adoption reasons)
Only eight persons responded positively. All but one of those stated that only one other 
family member had had such symptoms. The remaining one reported that two family 
members suffered, (his mother and wife). Thus no one reported more than one Isfc^Hla- 
tion. Of the remainder, all but one of the relations were female, (either mothers or sisters).
No significant difference between the two groups was observed, (see table 3.53), using a 
binomial test. It was assumed that none of the patients were suffering from a familial type 
of type of CTS, since the only one lse^ n.relation was suffering from the syndrome may be 
regarded as having arisen by chance.
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3.6 Results of the Main Study - Symptom Characteristics
Patients treated by Ellis (Ellis et al, 1976; 1977) using vitamin B6 therapy listed a number 
of symptoms which did not all relate directly to the median nerve distribution. It should be 
noted that these symptoms were also reported to improve on vitamin B6 therapy.
Since these reports were published, these additional symptoms have been commented upon 
and the suggestion that these patients are suffering from a condition other than CTS has 
been made.
It was consequently decided that information relating to certain of these symptoms be 
collected to establish whether they are more common in CTS patients or whether the 
symptoms reported by Ellis are typical of the general population.
The symptoms listed by Ellis included pain or stiffnes s in the knees, oedema in the hands or feet 
and ankles and impairment in finger flexion. In this study patients were questioned about oedema, 
stiffness and an indication of the range of movement of the index finger was obtained using a 
goniometer.
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3.6.1 Oedema
Oedema (in any part of the body)
Cases and Controls were asked whether they ever experience oedema, swelling or water 
retention in any part of their body. It they responded ’yes’> they were asked to indicate the 
area of the body affected. It was hypothesized that the cases would outnumber controls 
with respect to the number who responded positively to this item, (excluding reports of 
swelling and inflammation following acute trauma).
Table 3.54: Oedema (in any part of the body excluding post trauma inflammation):
Controls 
Present Absent
Present
1 1 
1 4 1
1
12 1 
1
16
Absent
1 1 
1 4 1 
1 1
1
14 1 
1
18
8 26 34
Odds Ratio = 12/4 = 3.0 
Binomial Test
Probability (one tailed) p = 0.04 
Valid Pairs = 34
The cases significantly outnumbered the controls with respect to the proportion who 
reported that they experienced oedema or water retention.
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Oedema in the Hands
Cases and controls were compared with respect to oedema in the hands, wrists and fingers. 
It was hypothesized that the number of cases reporting oedema in these areas would 
significantly outnumber the controls.
Table 3.55: Oedema affecting the hands, wrists and fingers:
Controls 
Present Absent
Present
1 1 
1 0 1 
1 1
1
8 1 
1
8
Absent
1 1 
1 3 1
1
23 1 
1
26
3 31 34
Odds Ratio = 2.7 
Binomial Test
Probability (one tailed) p = 0.11 
Valid Pairs = 34
Whilst the cases outnumbered the controls with respect to oedema or swelling related to 
the hands, wrists or fingers, the difference was not significant at the 5% level.
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Oedema (areas excluding the hands)
Cases and controls were compared with respect to oedema in areas of the body excluding 
the hands, wrists and fingers. It was hypothesized that the cases would experience more 
oedema than the controls:
Table 3.56: Oedema in areas excluding the hands, wrists and fingers:
Controls 
Present Absent
Present
1 1 
1 2 1 
1 1
1
9 1 
1
11
Absent
1 1 
1 3 1 
1 1
1
20 1 
1
23
5 29 34
Odds Ratio = 3.0 
Binomial Test
Probability (one tailed) p = 0.07 
Valid Pairs = 34
There was a trend towards a significant difference between the cases and controls 
indicating that a higher porportion of cases experienced oedema in parts of their bodies 
excluding their hands, wrists and fingers than did the controls.
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Further classification into areas affected by oedema in specific sites was performed but 
yielded little useful information as the numbers of discordant pairs were too small to allow 
statistical tests to be performed. The areas of the body reported to be affected are detailed 
in table 3.57:
Table 3.57: Areas reported to be affected by oedema:
Area Affected Cases C
Fingers 2 0
Hands 6 2
Chest 1 0
Abdomen 5 1
Legs 1 2
Knees 2 0
Ankles 4 2
Feet 3 1
General 1 1
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3.6.2 Stiffness
Subjects were also asked if they ever experienced stiffness in any joints of their body. It 
was hypothesized that cases would outnumber the controls with respect to the number who 
reported stiffness (again excluding stiffness following acute trauma).
Table 3.58: Reported Stiffness (excluding post trauma stiffness):
Controls 
Present Absent
Present
1 1 
1 7 1 
1 1
1
16 1 
1
23
Absent
1 1 
1 0 1 
1 1
1
11 1 
1
11
7 27 34
Odds Ratio = (Not possible to calculate - division by zero) 
Binomial Test
Probability (one tailed) p < 0.001 
Valid Pairs = 34
The cases significantly outnumbered the controls with respect to the number who reported 
that they experienced stiffness in any part of their body.
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Stiffness in the Hands
It was thought that the reason for the significance of the difference relating to stiffness 
might be related to hand symptoms of CTS. Consequently, a comparison of stiffness in the 
hands was undertaken.
Table 3.59: Stiffness of the Hands (excluding post trauma stiffness):
Controls 
Present Absent
Present
1 1 
1 0 1 
1 1
7 1 
1
7
Absent
1 1 
1 1 1 
1 1
1
26 1 
1
27
1 33 34
Odds Ratio = 7/1 =7.0 
Binomial Test
Probability (one tailed) p = 0.04 
Valid Pairs = 34
The cases outnumbered the controls with respect to stiffness of the hands. The difference 
being statistically significant at the 5% level.
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Stiffness in Body Areas Excluding the Hands
It was decided to compare cases and controls with respect to the number of body areas 
(excluding the hands) which they considered stiff, (again excluding post-trauma 
stiffness).
Table 3.60: Reported Stiffness (excluding post trauma stiffness and hand stiffness):
Controls 
Present Absent
Present
1 1 
i 6 1 
1 1
1
12 1 
1
18
Absent
1 1 
1 0 1 
1 1
1
16 1 
1
16
6 28 34
Odds Ratio = (Not possible to calculate - division by zero) 
Binomial Test
Probability (one tailed) p = 0.0005 
Valid Pairs = 34
The above results suggest that there is a strong association between joint stiffness and CTS, 
unrelated to hand stiffness.
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Stiffness in the Knees
Ellis, (1976; 1977) commented that pain or stiffness of the knees was experienced by 67% 
of his patients (14/21). Consequently it was hypothesized that CTS patients would report 
knee stiffness more than the controls (again excluding the reports following acute trauma).
Table 3.61: Knee Stiffness
Controls 
Present Absent
Present
1 1 
1 0 1 
1 1
1
8 I 
1
8
Absent
1 1 
1 0 1 
1 1
1
26 1 
1
26
0 34 34
Odds Ratio = (division by zero) 
Binomial Test
Probability (one tailed) p = 0.004 
Valid Pairs = 34
Only the cases reported stiffness of the knees, the difference between the groups being 
significant at the 0.5% level.
232
The areas of the body that the subjects reported stiffness in are listed below:
Table 3.62: Areas of the body experiencing stiffness:
Area Cases Controls
Thumb 1 0
Hands 5 1
Wrist 1 0
Elbow 3 0
Shoulder 2 1
Neck 5 0
Legs 2 1
Hips 2 1
Knees 8 0
Toes 1 0
Back 2 1
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3.6.3 Impaired Finger Flexion
It should be noted that on certain occasions a number of subjects had to be interviewed 
within a short space of time. Consequently, the decision was taken not to administer this 
test if it was felt that time would be unavailable to collect more important data from the 
following patient. In total, the range of movement of the index finger about the proximal 
interphalyngeal joint was measured for 30 cases and 26 controls. It should be noted that 
measures were not made on the dominant hands of 2 cases as one had undergone surgery 
to that hand and the other had previously fractured their index finger and the range of 
movement was considerably impaired.
The frequency distribution of the range of movement of the index fingers about the PIP 
joint for the cases and controls is illustrated on the following pages.
The Wilcoxon matched-pairs sign rank test was used to compare the range of movement 
(in degrees) of the PIP joint of the index finger the dominant and non-dominant hands of 
the cases and controls. It was used in favour of the paired t-test as the variances of the two 
groups were dissimilar.
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It was hypothesized that the range of movement about the PIP joint of the index finger of 
the cases would be significantly lower than for the controls.
Table 3.63: Range of Movement (Degrees) of the PIP Joint of the Index Finger
- Dominant Hand:
Group Number Mean Standard Variance
Deviation
Cases 22 92.4 16.6 276
Controls 22 99.9 7.3 53
Wilcoxon Matched Pairs Signed Rank Test 
Rank Pairs
12.4 14 negative ranks (Controls < Cases)
9.8 8 positive ranks (Controls > Cases)
Total 22
Z = -1.54
Probability (one tailed) p = 0.06
Valid Pairs = 22 
Missing Pairs = 12
The difference was not quite significant at the 5% level.
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Table 3.64: PIP Joint Range of Movement (Degrees) - Non-Dominant Hand:
Group Number Mean Standard Variance
Deviation
Cases 24 91.3 12.6 159
Controls 24 103.6 6.4 41
Wilcoxon Matched Pairs Signed Rank Test 
Rank Pairs
12.9 18 negative ranks (Controls < Cases)
5.3 4 positive ranks (Controls > Cases)
2 ties 
Total 24
Z = -3.43
Probability (one tailed) p = 0.0003
Valid Pairs = 24 
Missing Pairs = 10
There was a statistically significant difference between the cases and controls with respect 
to the range of movement about the PIP joint of the index fingers for the non dominant 
hand. This difference was less than for the dominant hand.
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Dominant and Non-Dominant Hands Compared
The dominant and non-dominant hands were compared with respect to the range of 
movement of the PIP joint of the index finger. In this case, the variances were comparable 
and thus the paired t-test was used.
Table 3.65: Range of Movement of the PIP Joint of the index fingers (Degrees) - Cases:
Group Number Mean Standard Variance Mean
Deviation Difference
Dominant 30 91.3 15.2 231
Hand
1.2
Non Dominant30 90.1 13.1 172
Hand
Paired t-test
t = -0.57 with 29 df
Probability (two tailed test) p = 0.54
Valid Pairs = 30 
Missing Pairs = 4
The joint angles for the dominant and non-dominant hands of the cases were not 
significantly different.
239
Table 3.66: PIP Joint Range of Movement (Degrees) - Controls:
Group Number Mean Standard Variance
Deviation
Dominant 26 99.9 7.7 59
Hand
Non-Dominant26 102.2 7.8 61
Hand
Paired t-test 
t = 2.16 with 25 df 
Probability (two tailed) p = 0.04
Valid Pairs = 26 
Missing Pairs = 8
Mean
Difference
-2.3
The PIP joint angles of the controls were significantly different at the 5% level. This would 
suggest that it may be considered normal that such a difference exists and that the absence 
of such a difference in the cases reflects a deviation from normal.
Affected and Non Affected Hands
It was also thought prudent to compare the Affected, (or more severely affected hand if bilateral) 
with the unaffected (or less affected hand).
Table 3.67: PIP Joint Range of Movement (Degrees) - Cases:
Group Number Mean Standard Variance
Deviation
Affected Hand26 89.7 14.1 199
Hand
Non-Affected 26 91.6 14.3 204
Hand
Paired t-test 
t = 0.94 with 29 df 
Probability (two tailed) p = 0.29
Valid Pairs = 26 
Missing Pairs = 8
Mean
Difference
-1.9
The difference between the affected hand and non-affected hand was not significant with 
respect to the range of movement about the PIP joint of the index finger.
The main findings of the case control study are summarised in table 3.68.
Apart from the data presented here, additional data was collected. Certain questionnaire 
items required the subjects to attempt to estimate the periods of time that they spent 
performing certain tasks. Due to the number of persons who found it difficult to give such 
estimates, it was not possible to analyse this effectively.
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4 Discussion
The reported case-control study concerned a population of CTS patients referred to major 
hospitals for further investigation or treatment. The diagnosis of CTS was based upon 
objective electrophysiological tests as well as the presence of appropriate symptoms. 
Whilst patients with certain characteristics were excluded from the case group, in most 
respects cases appeared to be similar to other groups of CTS patients reported in the 
literature.
It is of interest that of the 159 patients for whom electrophysiological tests were 
undertaken, only 77 had median nerve latencies greater than or equal to 5.0 milliseconds. 
Of these 33 were rejected for other reasons. Sixty one patients had what were considered 
’normal’ latencies. It is possible that in its early stages, it is difficult to objectively 
demonstrate that the median nerve is affected. A characteristic increase in symptom 
severity at night was noted by 70% of the cases. Also, 36% were not experiencing pain in 
their wrist or hand at the time of interview. It may be that those patients whose latencies 
appeared normal might appear abnormal if tested whilst symptoms at their worst. A 
number of these patients may have had other pathologies as well.
Thirty one other patients were suffering from conditions affecting other peripheral nerves 
or nerve roots. The patients presenting at the clinics involved in this study probably 
represent the more severely affected proportion of patients presenting at general practice. 
For these patients, conservative measures have often failed and further investigation or 
treatment is required.
The patients included in the study reported symptoms consistent with a diagnosis of CTS. 
However, many reported pain in other parts of the upper extremity, including the neck, 
shoulders, upper arms and elbow. Cherington (1974) provided evidence suggesting that the 
pain experienced proximal to the wrist in many CTS sufferers is referred pain. In his series
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46 out of 49 patients (94%) operated upon who had proximal symptoms improved after 
surgery. It is also possible that certain symptoms reported in the current study represented 
other clinical disorders as well as the CTS.
Other analytical epidemiological studies concerning CTS have focussed upon specific 
occupational groups (Cannon et al, 1981; Punnett et al, 1981; Silverstein et al, 1987). In 
addition, the diagnostic criteria by which CTS patients have been characterised in such 
studies have not all been as stringent as other studies. Other factors besides work related 
factors have been identified. Also, the majority of CTS sufferers investigated in the 
workplace do not appear to suffer from the clinical systemic diseases identified in the 
literature. The reported study concerned CTS patients who were not characterised by any 
of the systemic diseases except for arthritis or rheumatism and were of working age.
Sixty eight per cent of the total group were female. This is similar to the proportions in 
other studies: e.g. 53% (Graham 1983), 62% (Tountas 1983), 68%, (Ragi et al, 1981), 75% 
(Phalen 1970; Yamaguchi et al, 1965), 76% (Birkbeck & Beer 1975).
The age and sex distribution of this group of 34 CTS patients were similar to the age and 
sex trends of the number of patients presenting in general practice, estimated from 
available sources, (i.e. RCGP/OPCS/DHSS 1986). Firstly, the distribution of males 
patients did not appear to be related age. However, the distribution of female patients 
appeared strongly age related. In the older age group, (45-64 years) females outnumbered 
males by 4.5:1, (comparable with the figure of 5.3:1 for patients presenting at general 
practice). For the younger age groups, the sex ratio was lower for the reported study than 
for patients presenting in general practice. It would be unwise to comment further on the 
distribution, given the small size of the group.
The distribution of hand symptoms related to the areas innervated by the median nerve 
these took the form of paraesthesia or numbness of the palmar surface of digit 1 to the 
radial side of digit 4. Aching of the thenar eminence was reported by a few patients, 
reflecting the impairment of motor fibres innervating abductor pollicis brevis. Aching or
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tightness over the wrist was taken as an indication of increased pressure within the carpal 
tunnel. Whilst some patients also reported symptoms in the ulnar nerve distribution, it was 
thought that this may reflect poor recall of the exact site of the symptomology as alluded to 
by Loong (1977) who reported that 64% of a group of 250 CTS patients reported 
paraesthesia in all five digits.
As mentioned above, nocturnal aggravation of symptoms was commented upon by 70% of 
patients, a phenomenon thought to be characteristic of this condition, (Posch & Marcotte 
1976; Graham 1983). It is unclear whether this is the result of wrist movement, (e.g. 
flexion or extension whilst sleeping), variations in the distribution of tissue fluid (as the 
body is in a supine position), or low blood pressure, (compromising the blood supply of 
the median nerve).
In addition, a small number of patients reported that symptoms became more severe in the 
cold or in winter. This may reflect compromise of the sympathetic supply of the median 
nerve.
Three female patients reported a premenstrual increase in the severity of their symptoms. 
Few data are available concerning this characteristic of the syndrome mentioned by Dalton 
(1984). Further investigation of this phenomenon is recommended as established 
treatments for other premenstrual symptoms may be of benefit to this subgroup of patients.
Contrary to the findings of Reinstein (1981), the laterality of the more severely affected 
hand appeared to be independent of hand preference. However, it may be that asking an
r\
individual whether they are right or left handed is less appropriate that"administering a 
handedness inventory, (e.g. the Edinburgh Inventory reported by Oldfield 1971), since 
many people may interpret the term ’preferred hand’ as ’the hand that you write with’. 
Such inventories consider tasks in addition to writing for which an individual may have 
strong preferences. The biomechanical factors which may lead to the development of CTS 
may have more to do with non-writing tasks than writing tasks. For example, Falck and 
Aamio (1983) reported the development of CTS in a group of butchers and found that the
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left hand was predominantly affected. If was suggested in this case, that prolonged 
pinching and grasping performed by the left hand may be a risk factor.
In the reported study, particular characteristics of the occupations of the subjects as regards 
the performance of specific tasks with specified hands were not recorded.
The sensitivity (68%) of the Phalens test for this study is comparable with values from 
other studies, e.g. 71% (Gellman et al, 1986) and 74% (Phalen, 1966) with the exception 
of Golding et al (1986) who quoted a figure of only 10%. Specificity is also comparable 
with other studies (91% for this study compared with 86% reported by Golding et al 
(1986);a'rid 80% by Gellman et al, (1986)). The Phalens test involves the generation of 
symptoms by maximally flexing the wrist. As it is known that the pressure within the 
carpal tunnel increases upon wrist flexion, (Gelberman et al, 1981), it is likely that this 
phenomenon is responsible for the aggravation of symptoms.
The sensitivity of the Flick test reported here (15%) is considerably lower than the value of 
96% reported by Pryse-Phillips (1984), and thus the use of this test in the diagnosis of CTS 
is called into question. It is possible that the group of patients reported here represent a 
characteristic subset of the total CTS population, for whom the Flick test is inappropriate. 
However, as the underlying rationale for this test is unclear, further research is advised.
As tests such as these are rarely used on their own to effect a diagnosis of CTS, it was 
decided that the sensitivity of the combination of both should be determined. A positive 
response to both tests or either one was found to be 74% sensitive.
Before discussion the main results of the case-control study, it is important to emphasize 
the potential for bias with respect to the factors assessed using the questionnaire. The 
questionnaires were either self administered or administered by the interviewer. The 
proportions of the cases and controls differed significantly with respect to the method of 
administration. Thus, the results of the questionnaire investigation must be viewed with 
some caution.
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Much of the evidence suggesting an association between vitamin B6 deficiency and CTS 
was published by Ellis et al, (1976; 1977, 1979, 1982). These and other studies have 
suggested that certain CTS patients might be vitamin B6 deficient and improve on vitamin 
therapy.
This thesis has considered low vitamin Vitamin B6 status as a risk factor for CTS in order 
to test this hypothesis.
Whilst there are a number of methods available for assessing vitamin B6 status, the 
enzyme stimulation approach was thought to be the most appropriate and acceptable. 
Symptoms of vitamin B6 deficiency must ultimately result from the the decreased activity 
of a vitamin B6 dependent enzyme. As far as a possible association between CTS and 
vitamin B6 deficiency is concerned, no mechanism had been proposed, and thus it was not 
possible to identify the enzyme(s) which might be responsible for the symptoms. Even if 
this was possible, isolating the enzyme from what might otherwise be considered to be 
healthy tissue could obviously prove unethical.
Erythrocyte glutamate oxaloacetic transaminase, (EGOT), is one of the many vitamin B6 
dependent enzymes. The assessment of the activity of this enzyme has been used as an 
indication of vitamin B6 status. It is assumed that the vitamin B6 activity of this enzyme 
reflects that of the other enzymes in the body, (and consequently the activity of any 
enzyme(s) which might be responsible for the development of CTS). It is unlikely, that 
EGOT is the particular enzyme that might be responsible for the development of CTS, 
(assuming that there is a relationship between the vitamin and the syndrome).
The studies by Ellis et al (1976; 1977) had characterised the vitamin B6 status of their 
patients using an enzyme stimulation assay similar to the one reported in this study.
The findings of this case-control study have indicated that low vitamin B6 status as 
determined by the EGOT stimulation assay does not appear to be associated with CTS.
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Cases and controls did not significantly differ with respect to the various attributes of the 
assay, i.e. %Activation, ^Deficiency, and EGOT activity with and without additional 
vitamin B6. Thus the hypothesis that CTS is associated with vitamin B6 deficiency (using 
this particular method to determine vitamin B6 status) was rejected.
The absence of a significant difference between the cases and controls respresents a 
comparison of diseased and non-diseased individuals, (in this sense ’diseased’ indicates 
suffering from the disorder under investigation). However, whilst the control population 
was characterised by the fact that it represented non-CTS sufferers, they could not be 
considered ’healthy’ as they were attending hospital physiotherapy departments following 
accidents involving the lower half of their bodies. It might be argued that for various 
unknown reasons, (related perhaps to inflammatory responses or the effects of little 
physical exercise following their accident), the vitamin B6 status of the controls differs 
from what might be considered ’normal’. Confirmation of the findings that the CTS 
patients are not significantly vitamin B6 deficient compared with the normal population 
was sought by comparing both cases and controls with the group of volunteer subjects 
from the university. The latter group consisted of persons of both sexes and a spread of 
ages between 18 and 65 who would be unlikely to have an artificially raised or lowered 
vitamin B6 status.
The cases appeared comparable with the university volunteer group also.
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Thus, all the findings from this study suggest that vitamin B6 deficiency does not appear to 
be associated with CTS. As indicated earlier, (section 2.5), the assay used was felt to be the 
most appropriate and acceptable method of assessing vitamin B6. Despite this, it must be 
recognised that there is still a possibility that CTS patients may be vitamin B6 deficient but 
that the EGOT assay did not fully reflect the vitamin B6 status of the enzyme(s) or 
tissue(s) involved.
These findings also suggest that vitamin B6 therapy for the treatment of CTS can no longer 
be justified in terms of the correction of a vitamin B6 deficiency. Indeed, the broader 
question relating to whether vitamin B6 therapy can be justified under any circumstances 
must be addressed.
As yet, no large scale, double blind trials have been undertaken to confirm the reports in 
the literature attesting to the efficacy of vitamin B6 therapy for CTS, (Kasdan 1987; 
D’Souza 1985; Deltredici et al, 1985; Hamfelt, 1982; Ellis et al, 1976,1977).
If further research demonstrates the efficacy of this treatment, it must be for reasons other 
than correcting a vitamin deficiency.
In this study, CTS patients have been shown to be comparable with non-diseased controls 
with respect to vitamin B6 status. For these patients, vitamin B6 therapy, (at high doses, 
sometimes up to 300mg.day“^) could clearly increase tissue vitamin B6 concentrations 
well above levels considered to be normal. This may lead to side effects or a 
hypervitaminosis state, (Dalton, 1985). In addition, the longterm consequences of such 
therapy has not been fully investigated.
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If vitamin B6 therapy is advocated, the rationale behind it must be fully explored. Whilst a 
possible mechanism has been proposed concerning the impairment in collagen and elastin 
crosslinking, (page 83) and it may be suggested that disturbances in vitamin B6 
metabolism leads to an increased need for the vitamin, the precise mechanisms must be 
further investigated.
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The cases and controls did not differ significantly with respect to having been previously 
diagnosed as suffering from arthritis, rheumatism or ’wear and tear’. The number of 
subjects characterised by a positive rheumatoid factor was small and thus no comment can 
be made concerning the implications of this. However, it should be noted that only cases 
(three in all) were found to be Rheumatoid Factor positive.
Following a report in which 3 cases of CTS who had undergone long term therapy on p- 
blockers and improved on cessation of the therapy (Emara & Saadah 1988), it was 
hypothesized that long term p-blocker use might be associated with CTS. Although precise 
information regarding past treatment for hypertension was not collected in this study, it 
was possible to investigate whether current use of medication for hypertension was a risk 
factor. The number of individuals currently on medication for hypertension (p-blockers 
and other drugs) did not significantly differ betwen the two groups. This lack of 
significance may be a product of the small numbers involved, as the number of cases on 
medication for hypertension did outnumber the controls. Whilst medication may control 
blood pressure well during the day, at night it might be hypothesized that the patient may 
become hypotensive leading to compromise of the blood supply to the median nerve. 
Further investigation of this possible relationship is necessary.
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It must be emphasized that the information collected regarding occupation was provided 
by the subjects and is consequently less relaible than information collected on-site as the 
result of direct observation and task analysis. In addition, whilst information concerning a 
number of aspects of occupation was collected, it was not possible to analyse particular 
aspects as some patients had difficulty in giving estimated for the amounts of time spent 
performing certain tasks.
Of the work related factors investigated, only one significant difference was evident 
relating to the performance of repetitive manual tasks (p = 0.019; odds ratio = 5.0). The 
occupations of those who fell into each category are listed in Appendix V./ The 
proportion of CTS cases statistically outnumered the proportion of controls who answered 
positively to this item. This is in agreement with other studies which have demonstrated 
associations between work related factors and CTS, (Armstrong & Chaffin 1982; Cannon 
et al 1981; Punnett et al 1985; Silverstein et al, 1987).
The proportion of subjects who reported that they used hand held power tools was small 
and no significant difference between the cases and controls was evident.
Manual work involving high levels of force to be exerted by the hands has also been 
reported as a risk factor for CTS, (Silverstein et al 1987). Subjects were classified 
according to whether their jobs would be likely to involve low or medium to high forces 
by the researcher on the basis of their job description (Appendix V). This may be criticised 
as the classification was a subjective one. The cases did outnumber the controls with 
respect to being classified as performing jobs likely to involve medium to high forces, 
(although this was not statistically significant).
In addition to the work related factors, cases statistically outnumbered controls with 
respect to participation in sports or hobbies involving a high degree of hand use. (Again, it 
should be noted that this classification was a subjective one).
The above findings highlight the importance of work related factors in the aetiology of
259
CTS. Whilst the reported study did not involve the recording of specific details in the 
workplace, the results represent a cause for concern in that statistical differences are 
apparent between the groups relating to the crude classifications used. They also support 
the findings of previous studies which indicate that work related factors are strongly 
associated with the disorder, (Armstrong & Chaffin 1982; Cannon et al 1981; Punnett et al 
1985; Silverstein et al, 1987).
No association was evident concerning previous dislocation or sprain of the wrist or hand. 
However, fracture of the wrist was not considered in this study.
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Whilst the number of women who reported that they had experienced symptoms of the 
syndrome since the onset of menopause, it cannot be assumed that menopause is associated 
with CTS, especially as the onset of menopause is age related and the cases were matched 
with the controls with respect to age.
There is a need for further investigations of ageing with respect to CTS including the 
possible hormonal disturbances related to the menopause which may be implicated in the 
development of the syndrome.
A history of gynaecological surgery was thought to be associated with CTS. It was not 
possible to gain additional information regarding the nature of the surgery involved, as this 
might have proved embarrassing for the women concerned. In addition, it must be 
remembered that in the study by Cannon et al, (1981) in which an association was 
reported, operation records were traced to determine the details of the surgery involved. In 
this study no association was noted between a history of gynaecological surgery and CTS, 
but again, the numbers were small. Further investigation of this association is 
recommended.
It has been suggested that the use of oral contraceptives might be associated with CTS, 
(Sabour & Fadel, 1970). Interestingly, none of the women in the case control study were 
currently taking oral contraceptive preparations. In the reported study there was a trend 
towards a negative association between CTS and previous oral contraceptive use. 
However, a longterm study of oral contraceptive use indicated that there was a small but 
significant association between previous oral contraceptive usage and CTS, (Kay, Personal 
Communication). In view of the small numer in the repoorted study, the reported trend was 
thought to be unimportant.
The proportion of cases reporting that a first degree relation had suffered from CTS did not
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differ significantly from the controls. No patient reported that more than one relatio had
/ /
suffered from CTS. Thus, it was assumed that none of the patients interviewed appf red to
be suffering from what might be classed as a familial type of CTS, although clasr /ication
/ /
of relatives as suffering from CTS or not was based on the description provi/ id by the 
subjects at interview. It should be noted that these reports could not b e / pnfirmed.
//
/  /
, /
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Cases and controls were compared with respect to oedema and stiffness. Whilst oedema 
and stiffness in the hands, wrists and fingers were reported more commonly by the cases 
than the controls as one might expect, this difference was not limited to the hands. Knee 
stiffness, was a symptom reported by Ellis et al, (1976; 1977), to be characteristic of their 
series of CTS patients and which improved on vitamin B6 therapy. In this study, only 
cases reported knee stiffness. Also oedema and stiffness in parts of the body other than the 
hands was reported more frequently by the cases.
It is possible that the joints and tissues of the cases are affected in some characteristic way 
producing mild symptoms of stiffness and oedema. However, the median nerve might be 
sensitive to such changes in volume due to its unique anatomy. If this is the case, 
treatment of the underlying cause is obviously more preferable than just the symptoms.
Perhaps these differences in symptoms of stiffness and oedema should be interpreted a 
little more cautiously as the controls had experienced accidents involving the lower parts 
of their body. It is possible that this might have altered their interpretation or perception of 
pain, oedema or stiffness.
Impairment in the range of movement of the index finger about the proximal 
interphalyngeal joint was another characteristic reported the series of patients treated by by 
Ellis et al, (1976;1977;1982). This also increased upon vitamin B6 therapy. In the reported 
study, cases had a significandy reduced range of movement as compared with the control 
group. This characteristic may be typical of a proportion of CTS patients. The underlying 
reason for it is unclear. It may be related to impairment of the sliding of the flexor tendons 
of the fingers or a reflection of an increase in the volume of the tissues of the hands, wrists 
and fingers.
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Comparison of the cases and controls with respect to characteristics such as self reported 
weight, height and handedness suggested that in these respects the cases and controls were 
comparable.
It was originally intended that the cases and controls be selected from hospitals within the 
same hospital group. Thus if cases came from a Croydon hospital, the control would be 
selected from a Croydon hospital also. Part way through the study, it became necessary to 
relax this criteria as the number of eligible controls was small. Thus, for ten pairs the cases 
and controls came from hospitals in different districts. The number of pairs for which the 
case came from Croydon and control from Guildford did not differ significantly from the 
number for which the case came from Guildford and control from Croydon.
It should be mentioned that, for the purposes of the blood tests, of the nineteen pairs who 
agreed to provide a blood sample, 17 came from the same hospital group. Thus, as far as 
these variables are concerned, any possible effect related to the demographic areas from 
which the subjects were drawn is probably minimal.
It was regretted that the number of matched pairs was so low, as this meant that a number
of hypothese could not be tested effectively.
>
Although the case control approach allows associations to be highlighted it is not always 
possible to pass comment upon the cause effect relationships involved. It was known that 
for all but one case the symptoms appeared after they were employed in their current job. 
Thus lending support to the idea that certain work related factors may have caused the 
disorder. In addition, of the nine cases patients who had been diagnosed as hypertensive 
for whom data was available, the diagnosis of hypertension had preceded the onset of CTS 
symptoms.
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For all but two cases this was the first attack of CTS. The duration of symptoms varied 
from a few months up to almost five years prior to interview. The possibility that the 
syndrome modified behaviour or had other effects upon the other risk factors investigated 
should not be ignored.
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5 Conclusions
CTS patients have been defined as cases using strict diagnostic criteria and have been 
compared with a pair matched control group, (matched for sex and age ± 3 years).
The CTS patients investigated in the reported case control study appeared to be 
comparable with other groups of CTS patients reported in the literature.
The reported results reject the hypothesis that vitamin B6 deficiency, as determined using 
an enzyme stimulation assay, is associated with CTS. The CTS patients appeared normal 
with respect to both the control group and a university population.
The assumption that vitamin B6 therapy is correcting a deficiency responsible for the 
developm ent of CTS cannot be justified  on the basis of the current findings. 
Consequently, routine use of this assay in identifying patients who might respond to 
vitamin B6 therapy would be inappropriate. Whilst there may be a place for the vitamin in 
the treatment of CTS, the rationale behind it appears obscure, it is important that some 
attempt is made to identify the mechanism by which it acts. As yet no large scale double 
blind treatment studies have been undertaken to investigate this.
The intake of extremely high doses of the vitamin has been shown to be deleterious to 
health, and thus the safety of any such treatments has yet to be demonstrated.
The significant differences between the cases and controls as regards self reported 
repetitiveness of manual work and the performance of leisure activities involving hand use 
draws attention to the factors related to wrist and hand movement. Although these 
measures are crude, the results are in broad agreement with the findings of other 
researchers regarding work related factors in the development of these and other upper 
limb disorders.
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Symptom characteristics (e.g. oedema, stiffness and joint mobility of the fingers) may be 
indicators of a generalised subclinical disorder by which groups of CTS patients may be 
characterised, although this deserves further investigation.
Other hypotheses were tested. The risk factors under investigation included a history of 
gynaecological surgery, use of oral contraceptives, soft tissue injuries of the wrist, arthritis 
or rheumatism and a family history of CTS. No significant differences between the case 
and control groups were evident.
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Appendix I
The Anatomy of the Median Nerve
The courses of the fibres which constitute the median nerve from the spinal cord to the 
wrist are described below.
The Brachial Plexus
The brachial plexus gives rise to the major nerves of the upper extremity including the 
median nerve. The roots of the brachial plexus are formed from the ventral primary rami of 
the fifth, sixth, seventh and eighth cervical nerves, (C5-C8), and the ventral primary ramus 
of the first thoracic nerve, (Tl).
The five roots unite to form the trunks of the plexus, (see figure A 1.1). C5 and C6 unite to 
form the upper trunk; C7 forms the middle trunk and C8 and Tl unite to form the lower 
trunk.
In the apex of the axilla, the three trunks divide into the ventral and dorsal divisions. The 
ventral divisions of the upper and middle trunk, (containing fibres from C5, C6 and C7), 
unite to form a bundle on the lateral side of the axillary artery, the lateral cord. The ventral 
division of the lower trunk, (containing fibres from C8 and most if not all fibres from Tl), 
continues as the medial cord of the brachial plexus.
The dorsal divisions of the three trunks containing fibres from C5, C6, C7 and C8 and few 
if any from Tl, unite to form the posterior cord. The posterior cord gives rise to the radial 
and axillary nerves. Branches from the lateral and medial cords unite to form the median 
nerve. The remaining fibres from the medial cord constitute the ulnar nerve and similarly, 
the remaining fibres from the lateral cord constitute the musculocutaneous nerve.
The brachial plexus is illustrated in figure A 1.1, and the fibres from the appropriate 
cervical /  thoracic roots are traced through to the peripheral nerves.
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Figure A 1.1: Scheme of the Anatomy of the Brachial plexus showing the eventual 
destination of all root components, (From Patten, 1977)
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For the purposes of the reported study, it is also appropriate to note the musculo-cutaneous 
distribution of the median nerve, (proximal to the wrist).
The Median Nerve
As mentioned already, the median nerve is formed by the union of branches from the 
lateral and medial cords of the brachial plexus. It thus contains fibres from C6-C8 and Tl.
In the upper arm the median nerve closely follows the path of the brachial artery. In the 
mid arm, it comes to lie on the medial side of the cubital fossa. It enters the forearm 
between the heads of the pronator teres muscle and runs down the middle of the forearm, 
closely the flexor digitorum profundus muscle.
In the forearm, the median nerve gives branches to the pronator teres, the palmaris longus, 
flexor carpi radialis and flexor digitorum superficialis muscles. Shortly after entering the 
forearm, it gives rise to the anterior interosseous branch which supplies the flexor pollicis 
longus, the lateral half of the flexor digitorum profundus and the pronator quadratus 
muscles. Before entering the carpal tunnel, the cutaneous branch is responsible for the 
innervation of the palm over the thenar eminence. Figure A 1.2 illustrates the course of the 
median nerve.
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Figure A 1.2: Schematic representation of the median nerve.
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Comparison of Other Disorders With CTS
Spinal Cord Disorders
Various parts of the spinal cord may be affected by tumours or conditions such as 
syringomyelia. If the abnormality affects the lower cervical vertebrae or the first thoracic 
vertebra, then symptoms may affect fibres which run to the median nerve.
Similarities: Weakness and atrophy of the intrinsic hand muscles may may occur, 
including the thenar muscles and in addition sensory impairment may occur to include the 
median nerve distribution.
Differences: In general other parts of the upper extremity and indeed the rest of the body 
may also be affected. It is extremely unlikely that only fibres from the median nerve 
distribution alone will be affected.
Cervical Root Disorders
Common disorders include cervical spondylosis, herniated disc or traumatic avulsions. 
Certain symptoms of CTS may appear if the following roots are affected:
Sixth Cervical Root
Similarities: Pain and paraesthesia may be felt in the thumb and index finger.
Differences: Such paraesthesia generally starts in the lower lateral part of the forearm 
before going into the hand. Also C6 innervates the pronator teres muscle which may be 
compromised.
Seventh Cervical Root
Similarities: Pain and paraesthesia may be experienced in the middle finger, though this 
generally affects both sides.
Differences: Sensory loss and pain may also occur in the mid forearm region, and over the 
triceps. In addition, pain may be experienced in the medial scapular border. The wrist 
extensors and flexors may be affected as may the triceps, pectoralis major and latissimus 
dorsi.
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Eighth Cervical Root
Similarities: In some individuals the thenar muscles derive their sensory supply from C8. 
Thus a C8 lesion may produce weakness and atrophy of abductor pollicis brevis. 
Differences: Sensory impairment tends to affect the medial forearm down to the medial 
two fingers. The wrist flexors, extensors and flexor carpi ulnaris may be affected 
additionally.
First Thoracic Root
Similarities: All the small intrinsic hand muscles are innervated by T l,
(except in some individuals in whom the thenar muscles are innervated by C8). 
Differences: Sensory impairment may produce numbness from the axilla down to the 
olecranon. A deep aching may be experienced in this area.
The Brachial Plexus
Damage to the brachial plexus may give rise to a host of different symptoms. It is possible 
to relate symptoms to specific trunks, cords and roots of the plexus. Traumatic injuries 
such as bullet or stab wounds are most often responsible for such lesions. Non-traumatic 
lesions may result from radiation of the axillary area for carcinoma of the breast. However, 
in this case it is important to remember that characteristically this lasts only for a few 
weeks and is not associated with any pain, only numbness and weakness of sudden onset. 
Patten, (1977), mentions that there are four main sites of damage to the plexus that give 
fairly clear clinical pictures. These include: Lesions of the upper and lower trunk, lesions 
of the radial nerve in the axilla and lesions of the posterior cord. Only lesions of the upper 
and lower trunk may produce symptoms in the median nerve distribution. C6 fibres in the 
upper trunk may be affected producing symptoms mentioned above.
Lesions of the Lower Trunk
Cervical Rib Syndrome and Thoracic Outlet Syndrome
The lower trunk of the brachial plexus contains fibres from C8 and T l. Kimura, (1977) 
mentions that a rudimentry cervical rib may compress the lower trunk of the brachial
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plexus as well as possible compressing the subclavian or axillary artery. In addition to this 
problem, a compression syndrome may also occur when a fibrous band or the first thoracic 
rib is pressed upwards by distortion of the thorax. The cervical rib syndrome os fairly 
uncommon. Symptoms may be due to either vascular or neural compromise.
The Vascular Syndrome: This results from an abnormally high rib displacing the axillary 
artery upwards. Stenosis which may be followed by post stenotic dilatation may occur. A 
clot may form on the walls of the dilated vessel and small fragments of this may become 
detatched and pass down the brachial artery to produce acute embolic episodes and 
possible blanching of the fingers similar to Raynauds syndrome. There may be no 
abnormal fingings on electrophysiological investigation but CTS may be inappropriately 
diagnosed when the patient relates a history of episodic pain, associated with blanching 
and swelling of the fingers.
The Neural Syndrome: Deep aching in the axilla and on the ulnar border of the arm, often 
into the hand may occur. The motor signs seem to be more restricted to fibres from Tl, in 
particular the fibres innervating abductor pollicis brevis to the exclusion of the other 
intrinsic hand muscles. This leads to the curious picture of pain and tingling in the ulnar 
innervated fingers, but the main wasting and weakness in the median innervated abductor 
pollicis brevis.
Similarities: Weakness atrophy of abductor pollicis brevis.
Differences: Pain and weakness in the distribution of C8 and D1 including axilla and ulnar 
innervated fingers.
The Median Nerve (proximal to the wrist)
Lesions of the median nerve proximal to the wrist will often produce symptoms in the 
hand which are very similar to CTS, because damage occurs to fibres which pass through 
the carpal tunnel as well as those which innervate the forearm. There are two sites at which 
the median nerve may be compromised.
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The Pronator Teres Syndrome
As mentioned earlier, the median nerve passes through the heads of the pronator teres 
muscle before passing under it. Muscle hypertrophy, trauma, fracture or an anomalous 
fibrous band connecting the pronator teres to the tendinous arch of the flexor digitorum 
sublimis may injure the nerve at this point.
Similarities: All the normal symptoms of CTS.
Differences: In addition to the normal symptoms of CTS, there may be weakness over the 
pronator teres, weakness of flexor pollicis as weell as abductor pollicis brevis. Sensory 
symptoms over the thenar eminence, (innervated by a branch of the median nerve which 
does not pass through the carpal tunnel), occur. Forearm NCV may be slowed but distal 
latency will be normal.
Median Nerve entrapment under the ligament ofStruthers
Kimura, (1977), points out the the condition mentioned above is distinct from a similar 
condition arising from the entrapment of the median nerve under the ligament of Struthers 
which is a fibrous band attached to an anomalous spur on the anteromedial aspect of the of 
the lower humerus. The ligament may compress the nerve and brachial artery above the 
elbow proxim al to pronator teres m uscle and thus weakness and abnorm al 
electromyographic findings of this muscle may be present which are absent in the pronator 
teres syndrome.
Similarities: All symptoms of CTS.
Differences: All symptoms of pronator teres syndrome and in addition weakness and 
abnormal electromyographic findings of the pronator teres muscle.
Lesions of the Digital Nerves
The small sensory branches of the interdigital nerves supplying fingers n , IH and the radial 
side of IV, may be compressed under the edge of the deep transverse metacarpal ligament. 
Entrapment may result from trauma, tumour, inflammation or phalangeal fracture.
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Similarities: Symptoms in the middle three fingers.
Differences: Condition may be exacerbated by lateral hyperextension of the affected 
fingers.
Polyneuropathy:
Kimura, (1983), states that polyneuropathies may be characterised by the following: 
Sensory changes in a glove or stocking distribution, distal weakness and hyporeflexia. No 
specific pattern of nerve disorder is characteristic of any particular disorder.
Similarities: Symptoms may occur in the median nerve distribution, along with prolonged 
latencies.
Differences: In addition symptoms may occur in the distribution of the ulnar and radial 
nerve distributions.
Anatomical Anomalies:
In the literature there are references to ’all median’ and ’all ulnar’ innervated hands. Also 
the presence of a Martin-Gruber anastomosis between the median and ulnar nerves. In 
essence, fibres from the median nerve join the ulnar nerve in the forearm. If the ulnar nerve 
is then compromised in Guyons Canal in the wrist, then the median nerve fibres in the 
ulnar nerve may then be affected. If such anatomical anomalies are present, then 
compromise of fibres destined for the median nerve distribution may occur without the 
median nerve being affected.
The symptomology of CTS has been described above along with details of how to 
differentiate it from certain other conditions. However, it must be stated that there is often 
great variation in the precise nature and severity of the symptoms. Objective methods of 
assessment are necessary, especially when attempting to demonstrate that it is the median 
nerve in the carpal tunnel that is affected.
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Appendix II
The Role of Vitamin B6
Since its discovery in the 1930s, vitamin B6 has been shown to act as the cofactor or 
coenzyme for well over sixty different enzyme systems, (Sauberlich et al, 1974). The term 
’Vitamin B6’ includes a few related compounds, (see table A.II.1). Of these only pyridoxal 
5-phosphate, (PLP), and to a lesser extent pyridoxamine phosphate act as coenzymes. The 
non-phosphorylated B6 analogues are converted to phosphates by the action of pyridoxal 
kinase and ATP.
Table A.II.1: Structure, Occurrence and Activity of the Vitamin B6 Analogues:
Name Structure Occurrence and Activity
Pyridoxine HOCIW
Particularly in plants. Vitamin 
r  = -CH2OH activity for higher plants
H CHj 
R
and yeasts; only slight activity 
for bacteria
Pyridoxamine «Vy*
1 ! 
' " S ' S *
R= -CH2NH2
Particularly in animal tissues. 
Vitamin B6 activity for micro 
organisms and higher animals
Pyridoxal H Particularly in animal tissues. Vitamin B6 activity for micro 
organisms and higher animals
Pyridoxamine phosphate 0 f ¥ « 2 Coenzyme in transaminations
Pyridoxal 5’phosphate
HO—P—OCI
Particularly found in muscle 
Coenzyme in decarboxy- 
oxylations, transaminations 
and phosphorylations
(Details from Documenta Geigy, 1970, p474)
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Certain reactions and pathways in which vitamin B6 figures are detailed below. 
(Information is from Documenta Geigy, 1970, unless specified).
Amino Acid Metabolism
The transaminases are an important group of enzymes involved in normal amino acid 
metabolism. They facilitate the transfer of an amine group from one amino acid to a-keto 
glutarate to produce glutamic acid and the corresponding keto acid. Only this group of 
enzymes requires pyridoxamine phosphate as a coenzyme also.
EXAMPLE
COOH COOH
1 COOH 1 COOH
CH 1 CH 1
1 CH 1 CH
CH + 1 CH + 1
1 CHNH <- 1 CO
CO 1 CHNH 1
1
COOH
COOH 1
COOH
COOH
a-keto + L-aspartic-» L-glutamic + Oxaloacetic
glutaric
acid
acid <- acid acid
Carbohydrate Metabolism
Krebs and Fischer, (1964), suggested that the large pool of pyridoxal phosphate bound to 
muscle phosphorylase may serve as a reservoir for the vitamin. This pyridoxal phosphate 
may account for almost half the vitamin B6 in the body. The enzyme in question, a-glucan 
phosphorylase catalyses the breakdown of glycogen to glucose-1- phosphate.
Connective Tissue
Lysyl oxidase, a B6 dependent enzyme, is responsible for creating bonds between adjacent 
collagen and elastin fibres.
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Haemoglobin Synthesis
8-Aminolaevulinic acid is a precursor of haem. It is synthesized from succinyl Coenzyme 
A and glycine in the presence of pyridoxal phosphate and the enzyme aminolaevulinic acid 
synthase.
Prostaglandin Synthesis
The enzymatic conversion of linoleic acid to gamma-linolenic acid requires pyridoxal 
phosphate as a coenzyme as well as zinc and magnesium. The subsequent conversion to 
dihomo gamma linolenic acid prior to the synthesis of prostaglandin E j may also require 
vitamin B6, (Gaby 1984).
Neurotransmitter Synthesis
The decarboxylation of glutamate to gamma amimobutyric acid, (GABA), and the 
conversion of tyrosine to noradrenaline require vitamin B6 as a coenzyme.
Tryptophan Metabolism
A  number of the enzymes involved with the normal metabolism of the amino acid 
tryptophan are dependent upon vitamin B6 as a coenzyme, (see figure A.II.1). In vitamin 
B6 deficiency, the activity of Kyureninase appears to be reduced to a greater extent than 
other of the other vitamin B6 dependent enzymes involved with tryptophan metabolism. 
Consequently, there is a corresponding increase in urinaiy excretion of xanthurenic acid, 
kynurenic acid, 3-hydroxykynurenine and kynurenine. This is phenomenon forms the basis 
for the tryptophan load test. Xanthurenic acid has been shown to bind to insulin and reduce 
its potency, (Kotake & Murakami 1971).
Other Enzymes
Other groups of vitamin B6 dependent enzymes include: synthases, decarboxylases, 
dehydratases, desulphydrases and racemases.
It should be noted that other nutrients are often required for optimal vitamin B6 
metabolism. For example, pyridoxal kinase, the enzyme responsible for the conversion of
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pyridoxine (the ingested frm of the vitamin), to pyridoxal 5’-phosphate (the enzymatically 
active form) requires riboflavin as a co-factor. Also, certain vitamin B6 dependent 
enzymes also require Magnesium as a cofactor. Vitamin B6 status also appears to affect 
Zinc metabolism in the body. This is thought to be the result of a reduction in the 
circulating levels of picolinic acid (see figure A.II.1). Picolinic acid is thought to bind to 
Zinc and transport it around the body, (Krieger & Ingeborg, 1980).
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H
5-HYDROXY TRYPTOPHAN TRYPTOPHAN
I * I
I Decarboxylase I Tryptophan Pyrrolase
I I
5-HYDROXYTRYPTAMINE FORMYLKYNURENINE
I
I Formamidase
Kyureninase I SKA
ANTHRANILIC---------------------- KYNURENINE------------------------------KYNURENIC
ACID I ACID
I Hydroxylase
I MKA
3 -HYDROX YKYNURENINE----------- XANTHURENIC
1 * AC JDI Kyureninase
I
3-HYDROXY ANTHRANILIC ACID — PICOLINIC 
I ACID
I Oxidase
I
QUINOLINIC ACID 
I
I Transferase
I
QUINOLINIC ACID RIBONUCLEOTIDE 
1I Quinolinic Acid Decarboxylase
I
NICOTINIC ACID RIBONUCLEOTIDE
Figure A.II.1: Metabolic pathways of tryptophan in the human with reactions involving 
pyridoxal phosphate, (* - denotes Vitamin B6 dependent enzymes). Substrates are printed 
in capitals and enzymes in italics. (Abbrebiations: SKA = Supernatant Kyurenine 
Aminotransferase; MKA = Mitochondrial Kynurenine Aminotransferase; H -  
Hydroxylase).
(Details from Sauberlich et al, 1974, p38)
Vitamin B6 Deficiency
Serious outbreaks of vitamin B6 deficiency have not been observed throughout the world. 
This probably results from the fact that the vitamin is widely distributed throughout many 
foods.
Deficiency symptoms for vitamin B6 are less well defined than for certain other vitamins,
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(for example those for scurvy in vitamin C deficiency or rickets in vitamin D deficiency).
As mentioned previously, vitamin B6 acts as a cofactor for many enzyme systems. 
Therefore, symptoms of deficiency must arise from the compromise of vitamin B6 
dependent enzymes. However, it is likely that not every pathway is compromised 
simultaneously. It is probably this phenomena that accounts for the variety of symptoms.
A pure uncomplicated deficiency of vitamin B6 has probably never been seen in humans 
except when induced for the purposes of research.
The following symptoms have been observed in experimental B6 deficiency in man, 
(Doccumenta Geigy, 1970).
Skin & Mucosa
Seborrhoeic & desquamative dermatitis of the mouth and eyes spreading to the face scalp 
neck and loins. Intertrigo of the breasts and inguinal region in women. Stomatitis and 
glossitis.
Nervous System
Irritability, depression, somnolence, nausea, impairment of sensativity to positional 
change, very rarely peripheral neuritis. Epileptiform convulsions have been observed in B6 
deficient neonates fed on a B6 deficient feed accidentally, (Documenta Geigy, 1970).
Anaemia
Pyridoxine deficiency anaemia is characterised by a complex disturbance in porphyrin 
metabolism and ringed sideroblasts may be present in the blood, (Valentine, 1983).
A number of other symptoms have been observed in experimental animals affecting many 
different systems of the body.
Vitamin B6 has also been implicated in the treatment of a number of conditions, (Gaby, 
1984). These include: Heart disease, Cancer, Systemic lupus erythematosis, Kidney stones, 
Anaemia, Tooth decay, Asthma, Hyperactivity, Depression, Vertigo, Skin conditions,
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Gestational Herpes and Epilepsy.
Vitamin B6 Excess
The recommended daily intake for B6 is 2mg/day, (DHSS 1969). The DHSS define
recommended daily intakes of nutrients as:
"..the amounts sufficient or more than sufficient for the nutritional needs 
of practically all healthy persons in a population. They do not cover any 
additional needs arising from diseases, such as infections, disorders o f the 
gastrointestinal tract or metabolic abnormalities."
In recent years, along with trends in healthy eating, cases have been reported of individuals 
suffering from symptoms resulting from excessive intake of vitamin B6, (Evans and Lacey 
1986; Nutrition Review, 1984). One report details intakes of 2-6g/day for seven young 
adults, (Nutrition Review 1984). One patient mentioned, experienced impairment in 
sensation to touch, temperature, pinprick, vibration and joint position in both upper and 
lower limbs. She became unsteady when walking noticed difficulty in handling small 
objects. Sural nerve biopsies in two other patients revealed widespread non-specific axonal 
degeneration. DSL was absent in all nerves except inwo cases where median nerve 
latencies were moderately prolonged.
In his book, Gaby, (1984), stresses the inadvisability of taking more than 50mg/day unless 
under medical supervision.
There are only a few clinical conditions for which excessive doses of vitamin B6 is 
justified. These include such metabolic disorders as homocystinuria, cystathionuria, (Evans 
and Lacey, 1986), and pyridoxine responsive sideroblastic anaemia, (Valentine, 1983).
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The Assessment of Vitamin B6 Status
Vitamin B6 is involved in a number of metabolic processes throughout the tissues of the 
human body. Consequently, no single measurement can fully reflect the activity of the 
vitamin in all tissues.
The common methods of vitamin B6 status assessment involve the analysis of blood or 
urine samples. These are thought to be adequate in determining whether a patient is 
clinically vitamin B6 deficient and experiencing the symptoms mentioned earlier.
No single method is without shortcomings and factors such as reliability, acceptability and 
relevance to vitamin B6 metabolism in other tissues should be taken into account.
Tentative guidelines for what is considered to be acceptable or inadequate for certain 
variables used to reflect vitamin B6 status are given in table A.n.2.
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Table A.II.2: Tentative guidelines for evaluating B6 nutritional status in adult humans:
Vitamin B6 Status
Biochemical Measure
Marginal/Inadequate Acceptable
Tryptophan load test 
(net increase in excretion)
Xanthurenic acid, mg/day
3-OH-kynurenine, mg/day 
Quinolinic acid, pmol/day
>50
>50
>50
<25
<25
<10
Urinary measures 
Vitamin B6, (Ig/g creatinine
4-pyridoxic acid, mg/day
<20
<0.5
>20
>0.8
Blood measures 
Plasma B6 ng/ml 
EGOT index
<25
>1.5
>50
<1.5
(From Sauberlich et al, 1974)
The Tryptophan Load Test
The normal metabolism of the amino acid tryptophan is affected in vitamin B6 deficiency. 
The activity of the vitamin B6 dependent enzyme kynureninase is impeded and the 
conversion of 3-hydroxykynurenine to xanthurenic acid rather than 3-hydroxyanthranilic 
acid is favoured, (figure A.II.1). There is a corresponding increase in the urinary excretion 
of xanthurenic acid and other related metabolites.
This phenomenon forms the basis of the tryptophan load test. In short, the patient ingests a 
predetermined amount of tryptophan and their urine is subsequently collected and analysed 
for xanthurenic acid. High concentrations of the acid indicate a deficiency state, 
(Sauberlich et al, 1974).
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Advantages:The test requires the analysis of urine samples which may be more 
acceptable to some individuals than providing blood samples.
DisadvantagesiThe test normally requires the collection of urine for a period of 24 
hours after the load is ingested. Under field conditions this is not always possible or 
convenient and instead urine may only be collected for 6 hours. However, Sauberlich 
et al, (1974), mentions that for some individuals the majority of the tryptophan 
metabolites are excreted in the subsequent 18 hours, thus the method becomes less 
accurate the shorter the urine collection time.
Rapoport et al, (1968), reported a diurnal variation in tryptophan metabolism in a 
group of adult males. Levels of xanthurenic acid and other tryptophan metabolites 
were found to be in the region of twice as great if the tryptophan load was given in the 
early morning as compared with corresponding values for later in the evening. Thus 
time of day of the test should be controlled for, especially if urine is to be collected for 
six hours only.
Persons who have high levels of xanthurenic acid in their urine have been shown to 
subsequently appear normal within 24-48 hours after a small dose of vitamin B6, 
(Cinnamon & Beaton, 1983), However, it can not be assumed that this apparent 
correction of the deficiency is reflected throughout the other tissues and that all 
vitamin B6 dependent enzymes are consequently optimally active.
This method poses practical problems in assessing vitamin B6 status in large groups of 
subjects.
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Other Urinary Measures
Lowered excretion of 4-pyridoxic acid and vitamin B6 in the urine is indicative of B6 
deficiency, (Baysal et al, 1964).
4-Pyridoxic acid is the major urinary metabolite of all forms of vitamin B6. In cases of 
marked B6 deficiency, no 4-pyridoxic acid is detected in the urine.
Advantages: Again this method relies on the collection of urine samples and not blood 
samples.
The test may useful in identifying clear cases of deficiency.
Disadvantages: The relationship between the urinary excretion of 4-pyridoxic acid 
and B6 intake has not been well established and therefore other assays are probably 
preferable.
Urinary vitamin B6 levels appear to relate to serum levels. They are often expressed in 
terms of amount per gramme of creatinine.
Advantages: Blood or 24-hour urine samples are not necessary. The assay is probably 
useful in reflecting the recent dietary intake of the vitamin.
Disadvantages The assay may not be a useful indication of the severity of a deficiency 
of the syndrome.
Blood Vitamin B6 Measures
In serum, the vitamin B6 analogues may be assayed fluorometrically, (Smith et al, 1983), 
enzymatically, (Hamfelt, 1967), or biologically, (Anderson et al, 1970). Vitamin B6 levels 
in plasma, erythrocytes and whole blood during vitamin B6 depletion or supplementation 
tends to reflect intake. Serum pyridoxal 5’-phosphate levels have been reported to fall with 
increasing age, (Davis et al, 1976)
Advantages: By measuring the serum levels of pyridoxal 5’-phosphate and other
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vitamin B6 analogues the concentration of the vitamin to which the tissues are 
exposed is established.
This approach is thought to give an indication of vitamin B6 nutriture.
Disadvantages: Measurements of the vitamin concentration in the blood does not give 
a concise indication of the activity of the vitamin. It is known, for example, that there 
are antimetabolites which interfere with vitamin B6 activity by binding competitively 
with vitamin B6 dependent enzymes. Although serum concentrations of the vitamin 
may appear normal, metabolic impairment may still occur. Some of the metabolites of 
the oestrogens have been shown to compete with vitamin B6 in vitro, (Mason & 
Gullekson, 1959). Also, Gaby (1984), refers to a number of substances both natural 
and synthetic which interfere with vitamin B6 activity.
The measurement requires the analysis of blood samples which may be regarded as 
unacceptable.
Technical difficulties associated with certain procedures have discouraged their use. 
Leklem and Schultz, (1983) detected significant increases in both serum pyridoxal-5- 
phosphate and total serum vitamin B6 concentrations in adolescant males after a 
4,500m run. The authors suggest that the most likely source of the extra vitamin B6 is 
from the skeletal muscles. These factors must therefore be considered when vitamin 
B6 assessments are undertaken.
Enzyme Stimulation Assays
Symptoms of vitamin B6 deficiency must ultimately be the result of the reduction of the 
activity of a particular vitamin B6 dependent enzyme. This approach involves the 
determination of the activity of a vitamin B6 dependent enzyme with and without an 
excess of the vitamin.
However, even if it is possible to identify which enzyme is responsible for the symptoms, 
it is not always possible to test the tissue in question for ethical reasons. The popular
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approach involves the testing of vitamin B6 dependent enzymes present in erythrocytes. 
The common choice is Glutamate Oxaloacetic Transaminase (AST; EC 2.6.1.1; L- 
aspartate: 2-oxoglutarate aminotransferase), GOT, (orEGOT when referring to erythrocyte 
GOT).
EGOT activity is determined in the absence of added pyridoxal 5’-phosphate and also in 
the presence of an excess of the cofactor. The difference between the two activities must 
relate to the proportion of enzyme molecules which initially were not bound to the cofactor 
and therefore inactive.
The greater the difference between the activities, the lower the number of activated 
enzyme molecules.
There are some problems with respect to comparability between methods which express 
enzyme activity in different ways. For example, Bayoumi and Rosalki, (1976), express 
activity in terms of enzyme units per gramme of haemoglobin. Alternatively, Folkers et al, 
(1984), express EGOT activity in terms of fxmol of pyruvate produced per hour per 10^ 
erythrocytes. In addition, it currently unclear what influence (if any) the normal variations 
in haemoglobin concentrations or red cell counts may have on enzyme levels expressed in 
this way.
303
There are ways of normalising the enzyme activity and calculating values independent of 
units. Three ways have been reported:
1 The EGOT index : SA(EGOT + PLP)
SA (EGOT-PLP)
(eg Sauberlich et al, 1972)
2 Percentage Activation S A (EGOT + PLP) - S A (EGOT - PLP)
(or Activation Coefficient) --------------------------------------------------X 100
SA (EGOT-PLP)
(eg Bayoumi & Rosalia, 1976)
3 Percentage Deficiency: SA (EGOT + PLP) - (SA EGOT - PLP)
------------------------------------------------------------ X 100
SA (EGOT + PLP)
(eg Kishi et al, 1975)
Advantages: It is thought that this type of method provides a better reflection of the 
functional activity of the B6 dependent enzymes in the rest of the human body which 
could only be determined by techniques involving multiple biopsies.
Disadvantages: This type of assay again relies upon the use of blood samples which 
many may not be considered to be acceptable under certain circumstances.
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Appendix III
Additional Details of Methods Used 
Reliability of Electrophysiological Tests
Reliability has been defined as: 'The degree o f stability exhibited when a measurement is 
repeated under identical conditions. Lack o f reliability may arise from divergences 
between observers or instruments o f measurement or instability of the attribute being 
measured'. (IEA, 1983). This short study was undertaken in order to determine whether 
differences between repeated neurophysiological measures were the result of natural 
variation or relate to the method used to make the recordings.
Subjects and Methods
Fifteen volunteers, (university staff, see table A.IH.1), underwent four neurophysiological 
tests, (see below). All were asymptomatic and had never experienced symptoms consistent 
with a diagnosis of CTS. Each volunteer was tested twice on two separate occasions, at the 
same time of the day each time. The battery of tests included:
1. A median nerve motor latency DML (wrist to palm)
2. A median nerve motor latency DML (elbow to palm)
3. A median nerve sensory latency DSL (digit III to wrist)
4. An ulnar nerve sensory latency DSL (digit V to wrist)
On one of the two occasions, (the unchanged condition), the electrode placement sites 
were marked out, the tests were performed, a period of about ten minutes elapsed and the 
tests were repeated, placing the electrodes on the same marked sites.
On the other of the two occasions, (the re-marked condition) the same procedure was 
adopted, differing only in one aspect - during the ten minute period after the tests had been 
administered the first time, the electrode placement marks were erased and then marked 
out again. The tests were then repeated as before.
In addition to the above, temperature measurements were made, using an Edale thermistor
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thermometer model C. This was done to determine whether any observed differences in 
latencies related to differences in hand temperature. Palm skin temperature and forearm 
skin temperature were measured by attaching thermistors to the sites indicated in the main 
methods section figure 2.2. They were attached prior to making latency recordings. 
Temperature measurements were made in between latency tests once testing had begun. It 
was not possible in this study to arrange to keep skin temperature constant using warming 
devices.
Table A.HI.1: Details of Subjects:
Sex N Age
Mean ± sd
Range
Males 8 35 ±8 22-45
Females 7 36± 11 21-49
TOTAL 15 36 ± 9 21-49
Eight of the subjects performed the unchanged condition first and seven performed the re­
marked condition first.
Palm and forearm temperatures were measured using an Edale thermistor thermometer 
model C. Thermistors were attached to a point midway between the distal crease of the 
wrist and the elbow crease and also in the palm of the hand.
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Results
Only motor latency results are presented here. The mean and standard deviations of the 
median nerve DML and forearm NCV are given below.
Table A.IH.2: Median Nerve DML and Forearm NCV
Condition N Latency (msec) CV
(mean±sd) (%)
WITHIN DAY
Unchanged 15 4.0 ±0.19 4
Re-marked 14 3.8 ±0.21 9
BETWEEN DAY* 14 3.9 ±0.21 13
Condition N NCV (m/sec) CV
(mean±sd) (%)
WITHIN DAY
Unchanged 15 56 ± 4  4
Re-marked 14 56 ± 4  5
BETWEEN DAY* 14 56 ± 5  6
* The first set of recordings in each condition were used to determine the between day coefficient of variation
No significant differences were evident between the two recordings for the unchanged 
readings, the two recordings for the re-marked readings and the first recordings of both 
conditions, (using paired t-tests). Coefficients of variation were calculated.
The coefficient of variation for the forearm NCV was only slightly greater (1%) for the 
remarked condition compared with the unchanged condition, indicating that the variation 
in readings was probably attributable to factors other than the accuracy of marking out the 
electrode sites. In addition, between day variability appeared to be comparable with the 
within day variability, (between day CV = 6% compared to within day CV values of 4% 
and 5% see above).
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With regard to the median nerve DML, re-marking the electrode sites indroduced a greater 
degree of variability, (9% for the re-marked condition compared with 4% for the 
unchanged condition). The between day coefficient of variation was even greater, (13%).
The mean palm temperature was 31.5°C (± 2.3°C) and mean forearm temperature was 
31.1°C (± 1.5°C). There was no significant correlation between temperature of the palm 
and differences in distal motor latencies, (R = -0.123). However, it is of interest that only 
two recorded temperatures below 29°C, (27°C and 25°C), were recorded for individuals 
for whom the longest latencies were recorded, (5.2 and 5.0 msec). The two subjects in 
whom these latencies occurred were well within the normal range on other occasions at 
higher temperatures.
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Reliability of the Questionnaire
The questionnaire was administered to twenty individuals, (ten males and ten females), by 
the interviewer. This was repeated a week later at the same time of the day. The two sets of 
questionnaires were then compared.
Results
For most of the questionnaire items, consistent responses were recorded for at least 17 
subjects (85%). For many items consistent results were obtained for all 20, (100%).
Correlation coefficients of reproducability were calculated for those continuous variables 
for which inconsistencies were noted: i.e. self reported weight, self reported height and 
number of months employed in present job. The results are given in the table below:
Table A.IH.3: Reliability of self reported height, weight and number of 
months employed in current job:
Reliability Probability
Coefficient
Weight (to nearest lb) 0.995 p <0.001
Height (to nearest inch) 0.933 p <0.001
Months Employed 0.992 p <0.001
Weight: all but one subject was gave consistent readings to within two lbs.
Height: all height estimates were consistent to within one inch.
Number of months in current job: all but one subject gave consistent results to within one 
month.
Sports and Hobbies: Four out of the twenty (20%) failed to report one of their leisure 
pursuits on one of the two occasions.
One problem with test-retest correlations is overestimation due to memory. For example, 
the persons memory of their responses during the first interview situation is quite likely to
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influence the responses for the second interview. If the time interval between the two tests 
is short, then the responses may appear to be more consistent than they actually are. 
Nunally (1964) believes that "during the two-week*s to one month’s time in which it is 
advisable to complete both testings, memory is likely to be a strong factor".
The short time interval between tests, (1 week), for this short trial was unavoidable since 
the interviewer who kindly undertook the study had little time available. Consequently, the 
reliability estimates are likely to be overestimates. However, most of the variables showed 
a very high level of agreement.
Kappa, the correlation coefficient of reproducability for discrete variables (including 
binary variables) was calculated. It has the important characteristic of correcting for chance 
agreement that would be expected to occur if the two classifications were totally unrelated. 
Failure to take account of chance agreement can lead to erroneous conclusions about the 
quality of measurement. The kappa coefficient is defined as follows:
Observed agreement - Expected agreement 
1 - Expected agreement
When the two measures agree at only a chance level, the value of kappa is zero. If the two 
agree perfectly, the value of kappa is 1.
For those variables for which all twenty subjects responded in the same fashion, (e.g. all 
’yes’), it is clear that the value of kappa would be 0, (as the observed agreement = 
expected agreement).
The only variables for which kappa was low related to point prevalence of pain and 
discomfort (table A.III.4), which would be expected to differ on the two occasions that the 
subjects were interviewed.
It should be noted that for the purposes of this study, the questionnaire was administered 
by the interviewer. For the case-control study, it was anticipated that the questionnaire
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would be self administered.
Table A.ID.4: Kappa, the correlation coefficient of reproducability for discrete variables 
determined for selected variables:
Lifetime Point Medical Treatment
Prevalence Prevalence Advice Given
Neck 0.78 0.15 1.00 1.00
z 3.49 0.32 4.47 4.47
Shoulder 1.00 1.00 1.00
z 4.47 4.47 4.47
Upper arm 0.61
z 2.78
Elbow 1.00
z 4.47
Lower arm 1.00
z 4.47
Wrist 1.00 1.00 1.00
z 4.47 4.47 4.47
Hand 0.90 1.00 1.00 0.82
z 4.05 4.47 4.47 3.75
Upper Back 1.00 1.00
z 4.47 4.47
Lower Back 0.77 -0.13 0.89 0.86
z 3.55 -0.62 4.04 3.87
Legs 1.00 -0.071 1.00 1.00
z 4.47 -0.34 4.47 4.47
Note - for certain variables, (denoted b y  ), it was not possible to calculate kappa. This was because all subjects gave the same
response (i.e. ’NO’ on both occasions). Thus calculation of kappa involved division by 0.
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Stability of EGOT when Frozen
Methods
20 ml blood samples were taken from four volunteers and twenty diluted haemolysate 
samples were prepared from each blood sample according to the method above. These 
were frozen on dry ice. Over the following month, samples were tested for EGOT.
Results
There were no significant correlations between the day of assay and any of the following: 
%Deficiency, %Activation, EGOT activity without vitamin B6 and EGOT activity with 
vitamin B6. It was assumed, therefore that the samples could be kept for a period of up to 1 
month before assay, as the four vitamin B6 variables of interest appeared to be 
independent of time frozen over this period. Scatterplots of % Actication, % Deficiency, 
and EGOT activity against days frozen are presented in figures A.m.1 to A.III.3
Within batch and between batch coefficients of variation were calculated. In general there 
is fair agreement between the values presented here and those of Bayoumi & Rosalki 
(1976)
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Figure A.III.l: Stability of % Activation on freezing. Haemolysates from four volunteers
tested throughout a thirty day period.
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Figure A.III.2: Stability of %Deficiency on freezing. Haemolysates from four volunteers were 
tested throughout a thirty day period.
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Figure A.III.3: Stability of EGOT activity without added vitamin B6, (Units.gHb"*) on freezing. 
Haemolysates from four volunteers were tested throughout a thirty day period.
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Figure A.III.4: Stability of EGOT activity with added vitamin B6, (Units.gHb"1) on freezing. 
Haemolysates from four volunteers were tested throughout a thirty day period.
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Table A.in.5: Within Batch and Between Batch Coefficients of Variation:
N SD Mean CV *
EGOT activity 
without vitamin B6
Within batch 17 0.16 2.2 7.4 (2)
Between batch 52 0.23 2.2 10.6 (9)
EGOT activity 
with vitamin B6
Within batch 17 0.17 3.8 4.4 (3)
Between batch 52 0.37 3.8 9.7 (10)
% Deficiency
Within batch 17 4.4 42.8 10.3
Between batch 52 4.9 42.8 11.5
% Activation
Within batch 17 12.9 77.0 16.8
Between batch 52 15.1 77.0 19.6
* denotes values from Bayoumi & Rosalki (1976)
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Details of Electrodiagnostic Equipment Used
Dantec Neuromatic 2000 C
Lower Frequency 20Hz 
Upper Frequency 2kHz 
Stimulation Frequency - 2Hz 
Stimulation Duration - 0.1ms
Medelec MS91
Lower Frequency 
Upper Frequency 
Stimulation Frequency - 2Hz 
Stimulus Duration - 0.1ms 
Electrodes
Sensory Electrodes - 20mm (SE 20) 53056
Large Bipolar Stimulator - LBS 53051 Contact area 30mm sq
Medelec MS6
Lower Frequency
Upper Frequency
Stimulation Frequency - 2Hz
Stimulus Duration - 0.1ms
Sensory Electrodes - 20mm (SE 20) 53056
Large Bipolar Stimulator - LBS 53051 Contact area 30mm sq
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Validity of Questionnaire
Aspects of the validity of an earlier draft of the questionnaire were investigated. The 
findings are presented on the following pages:
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BY
P.W.BUCKLE1 BSc,MSc,PhD; J.TURNER1 BSc; .J.REARD0N2MB,BS(Qld),MRCP(UK) 
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INTRODUCTION
The s tudy  r e p o r t e d  was c a r r i e d  out  as p a r t  of a major 
i n v e s t i g a t i o n  of  m u s c u lo s k e le ta l  d i s o r d e r s  of  the upper 
e x t r e m i t i e s  and o ccu p a t io n a l  a s s o c i a t i o n s  being c a r r i e d  out  by th e  
Ergonomics-Research Unit of  the  Robens I n s t i t u t e  a t  the U n iv e r s i t y  
of  S u r rey .  In o rde r  to a s s e s s  the  e x t e n t  of  the se  problems amongst 
l a rg e  i n d u s t r i a l  groups i t  has been found necessa ry  to develop 
s e l f - a d m i n i s t e r e d  q u e s t i o n n a i r e s  ( Buckle e t  a l , i n  p r e s s ) .  This  i s  
e s s e n t i a l  i n  t h a t  a l though  c l i n i c a l  assessment and in t e rv ie w  
techn iques  a re  more d e s i r a b l e ,  they  a r e  g e n e r a l ly  no t  economica lly  
f e a s i b l e  when un d e r ta k in g  l a r g e ,  r e g u l a r  surveys of s t a t e s  o f  
h e a l t h  w i t h i n  i n d u s t r i a l  po p u la t io n s  a l though  the use of  a s e l f -  
a d m in i s t e r e d  q u e s t i o n n a i r e  i s  o f ten  suppor ted  by o th e r  sources  of  
h e a l t h  r e l a t e d  da ta  ( e . g .  medica l  r e c o r d s ,  a c c id e n t  r e p o r t s ,
absence  s h e e t s . )  Q u es t io n n a i r e s  fo r  use in t h i s  way have been
\
developed e lsewhere  ( Jonsson ,  1985) bu t  have not  proved to be 
s u f f i c i e n t l y  s p e c i f i c  fo r  use in t h i s  s tudy .
The s tudy  was t h e r e f o r e  designed to i n v e s t i g a t e  the co n cu r ren t  
v a l i d i t y  ( Moser and K al ton ,  1971) of s e l f - r e p o r t e d  s igns  and 
symptoms wi th  subsequent  medica l  assessm ent dur ing  c o n s u l t a t i o n .
MATERIALS
The development o f  many o f  the  q u e s t i o n n a i r e  items be ing  
co n s id e re d  has been d e s c r ib e d  elsewhereC Buckle e t  a l ,  in  p r e s s ;  
Stubbs  e t  a l ,1 9 8 3 )  and a s p e c t s  of  t h e i r  v a l i d i t y  and r e l i a b i l i t y  
w i th  r e s p e c t  to o c c u p a t io n a l  f a c t o r s  have been r e p o r t e d  (Baty e t  
a l ,  i n  p r e s s ) .  Table 1 l i s t s  the q u e s t i o n n a i r e  v a r i a b l e s .  These 
have been grouped in t o  t h r e e  main c a t e g o r i e s .
Table 1
Whi ls t  some of the  items l i s t e d  in the  t a b l e  r e l a t e  to q u e s t i o n s  
o f  a g e n e r a l  n a t u r e ,  o th e r s  a re  concerned with  more s p e c i f i c  sub­
c a t e g o r i e s  of  q u e s t i o n s  ( s ee  a l s o  P rocedu re ) .  However, many of  the 
su b -ca te g o ry  q u e s t i o n s  in the q u e s t i o n n a i r e  were only a p p l i c a b l e  
to  -a smal l  number of  s u b j e c t s  in the t r i a l  and because of  t h i s  
they have not  been compared in t h i s  i n v e s t i g a t i o n .
METHODS
Study Loca tion
The s tudy  was carr ie .d  out  in  a l a rg e  , urban h o s p i t a l  in south  
London w i t h i n  the Croydon H ea l th  A u th o r i t y .
S ub jec t  Group
This  was comprised of  p a t i e n t s  r e f e r r e d  to  the  rheumatology c l i n i c  
who f u l f i l l e d  the  fo l low ing  c r i t e r i a : -
i )  were r e f e r r e d  fo r  a problem r e l a t i n g  to the shou lder  or o t h e r  
a r ea  of  the upper e x t re m i ty  as d e s c r ib e d  a t  p r e s e n t a t i o n  to t h e i r  
g e n e ra l  p r a c t i t i o n e r .
i i )  were making t h e i r  f i r s t  v i s i t  to the c l i n i c  fo l lo w in g  
r e f e r r a l .
Procedure .
The s u b j e c t s  were a d m in i s t e re d  the q u e s t i o n n a i r e  upon t h e i r
a r r i v a l  a t  the  c l i n i c .  They were r eq u es te d  to complete the  
q u e s t i o n n a i r e  p r i o r  to c o n s u l t a t i o n  and give i t  to the d oc to r  on 
e n t e r i n g  the  c o n s u l t i n g  room. The c l i n i c i a n  c o l l e c t e d  t h e s e
w i th o u t  opening them and proceded wi th  h i s  c o n s u l t a t i o n .  At the  
end of  each c l i n i c  a comparison was made between the  s e l f - r e p o r t e d  
and the c l i n i c a l l y  de termined  da ta  e l i c i t e d  fo r  each i t em.  The 
medica l  c o n s u l t a t i o n  was c a r r i e d  out  by the Senior House O f f i c e r ,  
a s i t u a t i o n  cons ide red  to be t y p i c a l  of  many such c l i n i c s  w i t h i n  
the  N a t io n a l  Hea lth  S e r v i c e .  In most in s ta n ces  the  c l i n i c i a n  was
not  p rov ided  w i th  a complete s e t  of  p a t i e n t  notes and had only a
l e t t e r  of  r e f e r r a l  as the b a s i s  fo r  c o n s u l t a t i o n .
Whilst  the  c l i n i c i a n  was made thoroughly  f a m i l i a r  with the 
q u e s t i o n n a i r e  i t em s ,  fo r  p r a c t i c a l  r e a s o n s ,  h i s  own note s  could 
not  be in  the  same format as the  q u e s t i o n n a i r e .  They were,  
however,  r a t h e r  o f  a s t r u c t u r e d  n a tu re  to f a c i l i t a t e  subsequent  
comparison fo r  the p re -de te rm ihed  i tems l i s t e d  in  t a b l e  1.
Data were c o l l e c t e d  in t h i s  way a t  f i v e  c l i n i c s  dur ing the pe r io d  
January  to  March 1986. A t o t a l  o f  54 s u b je c t s  formed the  s tudy 
group,  o f  whom one d e c l in e d  to complete the  q u e s t i o n n a i r e .
RESULTS
The s u b j e c t  s e t  c o n s i s t e d  of  the 53 p a t i e n t s  who agreed to  
complete the  q u e s t i o n n a i r e  and who s a t i s f i e d  the  admiss ion  
c r i t e r i a .  D e t a i l s  of  some c h a r a c t e r i s t i c s  of  t h i s  group a re  
p r e s e n te d  in Table  2.
TABLE 2 '
Group C h a r a c t e r i s t i c s  
As i t  i s  a n t i c i p a t e d  th a t  much of the p o t e n t i a l  use fo r  such a 
q u e s t i o n n a i r e  w i l l  be w i th in  g e n e ra l  worker p o p u l a t i o n s ( i . e .  those  
aged l e s s  than 65) ,  i t  i s  im por tan t  to note  i )  t h a t  83% of the  
s u b j e c t  group were aged 65 or  l e s s ,  i i )  t h a t  the m a jo r i t y  of  
s u b j e c t s  were engaged in f u l l  time employment and i i i )  t h a t  the  
group was comprised of 40% males and 60% females .
A b i l i t y  to  Complete Q u e s t io n n a i r e  U n as s i s t ed
In  t h i s  s tudy  74% (n=39) of  the s u b j e c t s  completed th e
q u e s t i o n n a i r e  w i thou t  r e q u i r i n g  a d d i t i o n a l  s u s t a in e d  h e lp .  Of the  
r em a inder ,  17% were a ided  by the r e s e a r c h e r s  and 9% by a
companion. When the  younger (65 or l e s s )  and o ld e r  (over 65) 
groups were compared w i th  r e s p e c t  to the pe rcen tage  of each group 
ab le  to complete the q u e s t i o n n a i r e  u n a s s i s t e d ,  no s i g n i f i c a n t  
d i f f e r e n c e s  were found.
The r e s u l t s  o f  the comparison f o r  the q u e s t i o n n a i r e  i tems a re  
d e t a i l e d  in  Table 3 and a r e  d i s c u s s e d  below. The da ta  a r e  
p re sen te d  in  o rde r  to show the pe rce n tag e  ag reem en t /d isag reem en t  
fo r  each i tem and the t a b l e  a l s o  inc ludes  the  pe rcen tage  of  
miss ing  o b s e r v a t i o n s  where th e se  o c cu r red .  The f i n a l  column 
in d i c a t e s  the number of  s u b j e c t s  to whom the item was a p p l i c a b l e .
TABLE 3 ;
Of the 23 i tems cons ide red  in the t a b l e ,  the  m a jo r i t y  (n=13) have 
shown a c o n c u r re n t  agreement of  75% or g r e a t e r  between the da ta  
recorded  by the  c l i n i c i a n  and t h a t  e l i c i t e d  from the s u b j e c t  
through the q u e s t i o n n a i r e .  In each of  the se  cases  the d isag reem ent  
was never g r e a t e r  than 11% where a re sponse  was reco rd ed ,  a l th o u g h  
the  degree  of  non-response  has n e c e s s i t a t e d  a r e c o n s i d e r a t i o n  of 
the wording and p r e s e n t a t i o n  of some of these  i tems.  The fo l low ing  
a r e a s  were cons ide red  in more d e t a i l .
P e rsona l  and A c t i v i t y  D e t a i l s
W hi ls t  few d isag reem ents  were recorded  fo r  i tems d e a l in g  w i th  
s p o r t i n g  a c t i v i t i e s  and hobb ie s ,  the  pe rcen tage  agreement i s  low 
because  o f  the  f r e q u e n t  f a i l u r e  of the c l i n i c i a n  to e l i c i t  or  
r e c o rd  the  a p p r o p r i a t e  d a t a .  This  occur red  fo r  some 45% of  the  
s u b j e c t s .
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Genera 1 Pain  P a t t e r n s
Items r e l a t i n g  to g e n e ra l  pa in  p a t t e r n s  ( i n d i c a t e d  by the shading 
of  a f f e c t e d  a rea s  on blank  f i g u r e  o u t l i n e s  in  the q u e s t i o n n a i r e )  
have shown t h a t  where s u b j e c t s  r e p o r t  a r e a s  of  r e g u l a r  pa in  ( s e e  
Table 3) the  pe rce n tag e  agreement was 69%. A nalys is  of  the
d isagreements  i n d i c a t e d  t h a t  8% r e l a t e d  to  pa in  exper ienced  in the  
upper e x t r e m i t i e s  but  t h a t  the m a jo r i t y  (15%) r e l a t e d  to pa in  in 
o t h e r  a r e a s .
Where pa in  of  an o c c a s io n a l  n a tu re  was cons ide re d  ( s e e  Table 3 ) ,  a 
low agreement (25%) was recorded  w i th  the  m a jo r i t y  of  the
responses  being adjudged as m is s in g .
Upper Ext remity  Pain  H i s to r y
H is to ry  of  pa in  and t r e a tm e n t  fo r  the  upper e x t r e m i t i e s  as 
e l i c i t e d  through a Yes/No response  g r i d  have shown a c c e p ta b l e  
agreement fo r  a l l  four  i t em s .
Diagnoses for  D iso rders  P r i o r  to P re s e n t  C o n s u l t a t i o n .
(These r e s u l t s  have not  been inc luded  in Table 3 ) .  The s u b j e c t  
group r e p o r t e d  a t o t a l  o f  33 diagnoses  fo r  c o n d i t io n s  r e l a t e d  to 
the  upper e x t r e m i t i e s .  These were p rov ided  by 27 members of  th e  
group.  For the remainder the  item was e i t h e r  no t  a p p l i c a b l e  ( n = l l )  
or  was missed or was not  s a t i s f a c t o r i l y  completed (n=15) .
Whjere a d i a g n o s i s  was r e p o r t e d ,  30 (91%) were cons ide red  to a g re e  
w i th  those  p rovided  in  the l e t t e r  of  r e f e r r a l  from the  Genera l
P r a c t i t i o n e r .  These f i g u r e s  do not  take  account  of  those  fo r  whom
th e  d a t a  were incomplete or m iss ing .  This  a s p e c t  i s  c o n s id e r e d  
f u r t h e r  in  the d i s c u s s io n  s e c t i o n  of  t h i s  paper .
3 2 5
A s i m i l a r  p a t t e r n  was found when the items concerning the year of 
d i a g n o s i s ,  s i t e ( s )  and causes  were ana ly se d .  Whilst  no 
di sagreements  were found f o r  year  of  d ia g n o s i s ,  the  pe rcen tage  
agreement a f t e r  a d j u s t i n g  f o r  m iss ing  data was 42%. A s i m i l a r  
c a l c u l a t i o n  fo r  s i t e ( s )  was 58% and fo r  c a u s e ( s )  26%. In the case 
o f  the l a t t e r  some confus ion  may have occured i f  s u b j e c t s  in tended
a ' b l a n k '  response  to imply an unkown a e t i o l o g y .
P o t e n t i a l  Confounding F a c to r s
C o n s id e ra t io n  of  ;kfhe i tems r e l a t i n g  to p o t e n t i a l  confounding 
a s p e c t s  o f  o c c u p a t i o n a l l y  induced d i s o r d e r s  of  the  upper 
e x t r e m i t i e s  has shoftn the fo l lo w in g .  Agreement was cons idered  to 
be s a t i s f a c t o r y  for  those i tems r e l a t i n g  to p rev ious  d ia g n o s i s  of 
a r t h r i t i s ,  rheumatism or 'w ear  and t e a r ' ,  h i s t o r y  of  major medical  
c o n d i t i o n s ,  p regnanc ies  and a h i s t o r y  of  broken b o n e ( s ) .  However, 
f o r  the l a s t  item in t h i s  l i s t  the l e v e l  of  agreement f e l l  s h a rp ly  
when more s p e c i f i c  in fo rm a t io n  on the l o c a t io n  and year  of  broken 
bone(s )  was sought .  I t  should  a l s o  be noted t h a t  in many in s ta n c e s  
the  bone(s )  in q u e s t io n  were not  p a r t  of  the s t r u c t u r e  of the 
upper e x t r e m i ty .
For the remain ing i t em s ,  a low agreement has g e n e r a l l y  been 
a t t r i b u t a b l e  to the re s p o n s es  being incomplete or miss ing  ( s e e
r e s u l t s  f o r  i tems r e l a t i n g  to ' D i s l o c a t i o n  or s p r a i n  of  upper
e x t r e m i t y ' ,  'D ia g n o s i s  of  rheumatism, a r t h r i t i s  or wear and t e a r  
in  upper e x t r e m i t i e s '  and 'g y n a e c o l o g ic a l  s u r g e r y ' . )
DISCUSSION
In a l l ,  a p p l i c a t i o n s  of  s e l f - a d m i n i s t e r e d  q u e s t i o n n a i r e s ,  one 
i s s u e  of  prime concern i s  the  a b i l i t y  of the t a r g e t  p o p u la t io n  to
s a t i s f a c t o r i l y  complete the i tems w i thou t  a s s i s t a n c e .  The l e v e l  of 
l i t e r a c y  and comprehension w i t h i n  p opu la t ions  w i l l  in p a r t  
de term ine  t h i s  but  in a d d i t i o n  the  c o m p re h e n s ib i l i ty  o f  i n d i v id u a l  
i tems roust be examined.
In  t h i s  s tudy  approx im ate ly  3 /4  of  the  s u b je c t s  were ab le  to  
complete the q u e s t i o n n a i r e  w i thou t  a s s i s t a n c e  and a l l  were a b l e  to 
complete w i th  some a s s i s t a n c e .  Where he lp  was r e q u i r e d  i t  was 
f r e q u e n t l y  no ted  t h a t  the  s u b j e c t s  did  not  speak Engl ish  as t h e i r  
n a t i v e  tongue ,  e x h i b i t e d  a l i m i t e d  degree  of  l i t e r a c y  or  had 
impai red  e y e s i g h t .  I t  i s  d i f f i c u l t  to env isage  how t h i s  complet ion 
r a t e  could be in c re as ed  g r e a t l y  w i thou t  a l a rg e  expend i tu re  on,  
f o r  example,  t r a n s l a t i o n  of  q u e s t i o n n a i r e s .  However, the  g e n e r a l  
wording and layou t  of  the q u e s t i o n n a i r e  i s  under c o n s i d e r a t i o n  
fo l low ing  the low response  r a t e  f o r  s p e c i f i c  i tems and,  a l though  
th e s e  w i l l  r e s u l t  in only minor changes,  i t  i s  hoped th a t  th e
f i n a l  appearance  w i l l  be l e s s  daun t ing  to those  with  l i m i t e d
read in g  s k i l l s .  I t  i s  a l s o  p robab le  t h a t  t h i s  group were more 
h igh ly  m o t iva ted  to complete a q u e s t i o n n a i r e  r e l a t i n g  to upper  
e x t r e m i ty  d i s o r d e r s  than would be a more g en e ra l  p o p u la t io n .  I f  
t h i s  i s  the case i t  f u r t h e r  emphasises the need to improve the  
o v e r a l l  a c c e p t a b i l i t y  and appearance  of the  q u e s t i o n n a i r e .
Where agreement on i tems has f a l l e n  below 75% or in  some cases
where the m iss ing  response  l e v e l  i s  h igh ,  an examinat ion of  the
wording and a p p l i c a b i l i t y  o f  the q u e s t i o n  has been under taken .  In 
some i n s t a n c e s  ( e . g .  the  a r e a s  of o c c a s i o n a l l y  experi enced  p a in )  
the  item w i l l  remain in the q u e s t i o n n a i r e  but  the  responses  w i l l  
n o t  . be a n a ly se d .  This  w i l l  al low f o r  s u b j e c t s  to r e c o rd  
in fo rm at ion ,  which might o th e rw is e  be m is taken ly  inc luded  in  
r e s p o n s es  to o th e r  i tems ( e . g .  :the  a rea s  of  r e g u l a r l y  exper ienced
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p a i n ) .  The q u e s t i o n  r e l a t i n g  to d iagnoses  of d i s o r d e r s  has been 
modified  in  o rde r  to c l a r i f y  the  need to reco rd  a l l  in fo rm at ion  
about  the  d i a g n o s i s  ( i . e .  d i a g n o s i s ,  yea r ,  a r e a ,  cause)  and 
the re by  reduce  the amount of  miss ing  in fo rm a t io n  in  the responses  
to  t h i s  i tem.
F i n a l l y ,  a few i tems r e l a t i n g  to  p o t e n t i a l  confounding f a c t o r s  
have r e q u i r e d  m o d i f i c a t i o n  in  o rde r  to a id  the s u b j e c t s  
unde r s tan d in g  and in  some in s t a n c e s  ( e . g .  h i s t o r y  of  
gy n aec o lo g ic a l  s u rg e ry )  the  low p r o b a b i l i t y  of  i t s  occurence  as a 
confounder in the c u r r e n t  l i t e r a t u r e  may no t  j u s t i f y  i t s  con t inued  
i n c l u s i o n  in  the  q u e s t i o n n a i r e .  Such i tems may a l s o  reduce  the  
a c c e p t a b i l i t y  o f  the q u e s t i o n n a i r e  to more gene ra l  p o p u la t i o n s .  If- 
however, such a q u e s t i o n n a i r e  i s  to be expanded to inc lude  a more 
d e t a i l e d  exam inat ion  of  m u s c u l o - s k e l e t a l  d i s o r d e r s  r e l a t i n g  to  the  
back,  i t  seems l i k e l y  t h a t  t h i s  item must be p r e s e n t  as i t  has 
been shown t h a t  some a s p e c t s  of  gy n aec o lo g ic a l  s u rge ry  a re  
a s s o c i a t e d  wi th  a reduced a b i l i t y  to g e n e ra te  i n t r a - a b d o m in a l  
p r e s s u r e s ,  a p h y s i o l o g i c a l  phenomenum im p l ic a ted  in  the  
b iomechanica l  f u n c t i o n in g  of  the t runk  when loaded.
CONCLUSIONS
The s e l f - r e p o r t e d  and c l i n i c a l l y  a s s e s s e d  da ta  have in  g e n e r a l  
shown good agreement .  Some m o d i f i c a t io n s  to s p e c i f i c  i tems and 
improved q u e s t i o n n a i r e  la yout  a re  r e q u i r e d  be fo re  t h i s  t o o l  can be 
implemented in  f u r t h e r  s t u d i e s .  I t s  use in  i n v e s t i g a t i o n s  of  l a r g e  
i n d u s t r i a l  groups i s  cons ide red  e s s e n t i a l  in de te rm in ing  both
s h o r t  and long term e f f e c t s  of  o ccu p a t io n a l  f a c t o r s  on th e
\
m u s c u l o - s k e l e t a l  system.
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TABLE 1 QUESTIONNAIRE VARIABLES
P ersona l  D e t a i l s  and A c t i v i t i e s
Age, Sex,  Handedness,  Occupat ion ,  
Spo r t in g  a c t i v i t i e s ,  Hobbies,  Smoker,
General  Pa in  P a t t e r n s  (as 
marked on blank  body o u t l i n e s )
S i t e ( s )  of  r e g u l a r  pain  
S i t e s  of  o cca s io n a l  pa in
Upper Ext remity  P a in  H i s t o r y : -
Pa in  ever  exper ienced  
Pain  c u r r e n t l y  exper ienced  
V i s i t  to G.P.  on account  of pa in  
Received t r ea tm e n t  fo r  pain 
Sick le ave  a t t r i b u t e d  to d i s o r d e r s  
of  upper ex t rem i ty  in 1985.
Factors Considered As Potential 
Confounders For Occupational 
Attributes Of Upper Extremity 
Disorders.
H is to ry  o f  broken b o n e ( s ) ,  
l o c a t i o n ,  yea r .
H i s to r y  of  d i s l o c a t i o n ( s )  or 
s p r a i n ( s )  o f  upper ex t re m i ty  
j o i n t s .
H is to ry  of  a r t h r i t i s ,  rheumatism 
or  'wear  and t e a r ' .
H i s to ry  o f  major medical  
c o n d i t i o n s  known to be a s s o c i a t e d  
w i th  t e n o s y n o v i t i s  and c a rp a l  
tu n n e l  syndrome, in c lu d in g  
p regnanc ies  and major gy n a e c o lo g ic a l  
s u rg e ry .
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Table 2 P a t i e n t  Group C h a r a c t e r i s t i c s
Age ( y e a r s ) Mean 51 
S.D. 14 
Range 19 to 73
- Sex Male 40% (n=21)
Female 60% (n=32)
Engaged in Paid  Employment
( a t  time of q u e s t i o n n a i r e  complet ion)
Yes 55% (n=29)
No 45% (n=24)
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TABLE 3 CONCURRENT VALIDITY (CLINICIAN WITH SUBJECT)
A ll  f i g u r e s  a r e  pe rce n tag es  of  those  to whom item 
was a p p l i c a b l e , ( s e e  f i n a l  column).
QUESTIONNAIRE AGREE DISAGREE NO RESPONSE RECORDED N. OF
ITEM SUBJECTS
Sub*. Clin* Both3.
Age ( t o  n e a r e s t  y e a r ) . 100 0 0 0 0 53
Handedness 96 4 0 0 0 53
Smoker/ Non-smoker 93 0 2 2 2 53
Occupa t iona l  T i t l e  
P a r t i c i p a t i o n  i n
; 98 0 2 0 0 53
s p o r t i n g  a c t i v i t i e s 49 0 0 45 6 53
P a r t i c i p a t i o n  in
hobbies 45 4 2 47 2 53
S i t e  of  r e g u la r  pa in  
S i t e  of  o cca s io n a l7
69 85
156
c
6 2 0 52
pa in
Pain  ever  exper ienced
25 5
!66
16 18 20 44
in  upper e x t r e m i t i e s 94 4 2 0 0 53
Pain c u r r e n t l y
exper ienced  in upper 
e x t r e m i t i e s
83 11 4 2 0 53
V i s i t e d  G.P.  f o r  pain
in  upper ex t rem i ty 83 11 4 0 2 53
Received  t r ea tm e n t
fo r  pa in  in  upper 
e x t r e m i t y
Number o f  s i c k  days 
a t t r i b u t e d  to
77 6 10 8 0 53
d i s o r d e r s  o f  upper 
e x t r e m i t y  in 1985
H i s t o r y  of  broken
87 6 6 0 0 31
b o n e ( s )
L oca t ion  o f  broken
89 9 o 2 o 53
bone(s  ) 55 27 14
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TABLE 3 ( con t inued )
AGREE DISAGREE NO RESPONSE RECORDED N. OF
SUBJECTS
1 2  3Sub. C l i n .  Both.
QUESTIONNAIRE
ITEM
Y ear ( s )  of  b reak ing  
bone(s )
H is to ry  of  
d i s l o c a t i o n  or s p r a in  
of  upper  ex t re m i ty  
j o i n t ( s )
P re v io u s ly  d iagnosed  
as having A r t h r i t i s /  
Rheumatism/ wear and 
t e a r
P re v io u s ly  diagnosed  
as having A r t h r i t i s /  
Rheumatism/ wear and 
t e a r  in  upper 
e x t r e m i t y
H is to ry  of  major 
medical  c o n d i t i o n s
Pregnanc ies
H is to ry  of
gy n a e c o lo g ic a l
su rge ry
Y ea r ( s )  of
g y n aec o lo g ic a l
s u r g e r y .
43 24 14
67 4 10
75 9 6
50 16 13
85 11 2
78 0 6
66 9 13
36 14 23
14 5 22
15 4 53
8 2 53
18 3 38
2 0 53
16 0 32
13 0 32
23 5 22
Notes:  1. No response  r eco rded  by the  s u b j e c t .
2.  No response r eco rded  by the  c l i n i c i a n .
3.  No response reco rded  by both .
4 .  Regular  was d e f in e d  as a t  l e a s t  once a week f o r  the 
two months p reced ing  q u e s t i o n n a i r e  comple t ion.
5 .  Disagreement r e l a t e d  to  upper ex t rem i ty .
6.  Disagreement r e l a t e d  to o th e r  a r e a s .
7.  O ccas iona l  was d e f ine d  as not  occur ing  r e g u l a r l y  
or  occur ing  l e s s  than once per  week dur ing the 12 
months p r i o r  to q u e s t i o n n a i r e  comple t ion.
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Appendix IV
The questionnaire and diagnostic checklists, and consent form used in the case-control study are 
presented on the following pages.
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THE
Ergonomics EeseardiHiit
INSTITUTE
Hie Roberts institute 
of industrial & Environmental 
Health & Safety
University o f Surrey 
Guildford Surrey GU2 5XH 
Tel 0483 571281 Telex 859331
D e a r  S i r / M a d a m ,
I n  o u r  H e a l t h  a n d  S a f e t y  I n s t i t u t e  a t  t h e  
U n i v e r s i t y  o f  S u r r e y  w e  u n d e r t a k e  m a n y  s t u d i e s  o f  h e a l t h  
p r o b l e m s  t h a t  m a y  o c c u r  t h r o u g h  t h e  w o r k  a n d  o t h e r  
a c t i v i t i e s  t h a t  p e o p l e  d o .  We o f t e n  n e e d  t o  c a r r y  o u t  
s u r v e y s  t o  f i n d  o u t  how  co m m o n  p a r t i c u l a r  p r o b l e m s  
. a r e .  T h e s e  . r e l y  won . q u e s t i o n n a i r e s  ^ s u c h  a s . t h i s  o n e .
We w o u l d  b e  v e r y  g r a t e f u l  t h e r e f o r e  i f  y o u  
w o u l d  f i l l  i n  t h i s  q u e s t i o n n a i r e  a n d  r e t u r n  i t  w h e n  i t  
h a s  b e e n  c o m p l e t e d .
P l e a s e  t r y  t o  a n s w e r  a l l  t h e  q u e s t i o n s  a s  
f u l l y  a s  p o s s i b l e  a n d  a s k  f o r  a s s i s t a n c e  i f  y o u  n e e d  i t .  
A l l  t h e  i n f o r m a t i o n  t h a t  y o u  p r o v i d e  w i l l  b e  t r e a t e d  a s  
s t r i c t l y  c o n f i d e n t i a l  a n d  c a n n o t  b e  t r a c e d  b a c k  t o  y o u .
T h a n k  y o u  v e r y  m u c h  f o r  y o u r  c o - o p e r a t i o n  
i n  t h i s  i m p o r t a n t  r e s e a r c h  s t u d y .
Y o u r s  f a i t h f u l l y ,
D r .  P e t e r  B u c k l e J a m e s  T u r n e r
T h e  R o b e n s  I n s t i t u t e ,  
U n i v e r s i t y  o f  S u r r e y ,  
G u i l d f o r d ,  S u r r e y .
University o f  Surrey
3 3 5
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N e v  C a r d  
1 - 4  B l a n k
51
I.
81
11
12
1 4
1 6
1 8
.20
.23]
■: I 
2 6 ]
I
291
I
3 2 |
3 5
3 6 1
I.
3 9 1
I.
4 2 1
I.
4 5 1
I.
4 8 1
51
-4- I 
_ _ l
INSTRUCTIONS
P l e a s e  a n s w e r  t h e  q u e s t i o n s  a s  f u l l y  a s  p o s s i b l e ;  s o m e  q u e s t i o n s  
r e q u i r e  y o u  t o  g i v e  w r i t t e n  i n f o r m a t i o n ,  s o m e  o n l y  r e q u i r e  y o u  t o  
t i c k  a  b o x .
1 1 1 1 
1 \ 1 1
BACKGROUND INFORMATION
1 1 1  1
B l a n k  j
P l e a s e  w o u l d  y o u  s u p p l y  u s w i t h  t h e  f o l l o w i n g  d e t a i l s :
1— 1— 1
T o d a y ' s  d a t e : D a v M o n t h  Y e a r
I I I  I
T h e  t i m e  now a . m . )  1 p . m .  I 1
i l l  l
Y e a r  o f ,  J b i r t h :  1 9
S e x : M a l e  | “ | F e m a l e l ___1
i — — !
W e i g h t s t  l b s
2 2 1 | |
B e i g h t f t  i n s
1 1 1 1
A r e  y o u : R i g h t - h a n d e d  | ___| L e f t - h a n d e d  | ___ I B o t h  1___ 1
i l l  1
A r e  y o u : A S m o k e r 1___1 A N o n - s m o k e r  1___ 1
1 1 1 1
I f  y o u  a r e  a s m o k e r ,  h o w  m u c h  d o  v o u  s m o k e  n e r  d a v ?
I n  w h i c h  t o w n , v i l l a g e  o r c i t v  d o  v o u  l i v e ?
( I f  y o u  l i v e  i n  t h e  c o u n t r y ,  w r i t e  d o w n  t h e  n e a r e s t  t o w n  o r  v i l l a g e )
NO | | Y E S |  |
Do y o u  t a k e  p a r t  i n  a n y  s p o r t i n g  a c t i v i t i e s  
a n d / o r  h o b b i e s ?
I f  ' Y E S '  p l e a s e  l i s t  t h e m  a n d  w r i t e  d o w n  t h e  
a p p r o x i m a t e  t i m e  y o u  s p e n d  o n  e a c h  p e r  w e e k :
SPORT o r  BOBBY TIM E SPENT PER WEEK
SECTION A
1 .  a )  W h a t  i s  y o u r  j o b  o r  o c c u p a t i o n ? _
b )  P l e a s e  d e s c r i b e  t h e  m a i n  t h i n g s  t h a t  y o u  d o  i n  t h i s  j o b ?
c )  Bow l o n g  h a v e  y o u  w o r k e d  i n  t h i s  j o b ?   y r s .  m t h s ,
3 3 6
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2 .  H a v e  y o u  h a d  a n y  o t h e r  j o b s  b e f o r e  t h i s  o n e ?  HO I | Y E S | _I
3 .  I f  ' Y E S '  p l e a s e  g i v e  d e t a i l s  a n d  d a t e s  v h e r e  p o s s i b l e :
JO B  D ESC R IPTIO N  FROM TO
4 .  How m a n y  h o u r s  d o  y o u  w o r k  o n  a v e r a g e  e a c h  w e e k ?
5 .  How m a n y  h o u r s  d o  y o u  w o r k  o n  a v e r a g e  e a c h  d a y ?
6 .  a )  Do y o u  c h a n g e  t h e  t y p e  o f  w o r k  t h a t  y o u  d o  __ _
, d u r i n g  t h e  d a y  o r  w e e k ?  NOj___|  YES I___ I
b ) * I f  ' Y E S ' ,  p l e a s e  d e s c r i b e  e a c h  j o b  a n d  i n d i c a t e  
how  l o n g  y o u  s p e n d  d o i n g  e a c h  t y p e  o f  w o r k :
TYPE OF WORK HOURS PER WEEK
7 .  a )  I s  y o u r  w o r k  o f  a  r e p e t i t i v e  n a t u r e ?
b )  I f  ' Y E S '  d o e s  i t  i n v o l v e  t h e  u s e  o f
y o u r  h a n d s  a n d  a r m s ?
c )  I f  ' Y E S '  p l e a s e  d e s c r i b e  t h e  t a s k ( s )  a n d  i n d i c a t e
how m a n y  h o u r s  y o u  s p e n d  o n  e a c h  p e r  d a y :
TASK HOURS PER DAY
8 .  a )  Do y o u  u s e  a n y  h a n d  h e l d  t o o l s  i n  y o u r  j o b ?  __ ___
( H o n  m o t o r - d r i v e n / N o n  p o w e r  t o o l s  ONLY) H 0 |  I Y E S |  I
b )  I f  ' Y E S '  p l e a s e  d e s c r i b e  t h e  t o o l s  a n d  i n d i c a t e  
how  m a n y  h o u r s  a  d a y  o n  a v e r a g e  t h a t  y o u  u s e  t h e m :
TOOL HOURS USE PER DAY
N O l  I YES I I
N 0 O  YESlUl
9 .  a )  Do y o u  u s e  a n y  h a n d  h e l d  m o t o r  d r i v e n  _  ___
o r  p o w e r  t o o l s  /  m a c h i n e s  i n  y o u r  j o b ?  NO I________ | YES I I
b )  I f  ' Y E S '  p l e a s e  d e s c r i b e  t h e m  a n d  i n d i c a t e
h ow  m a n y  h o u r s  a  d a y  o n  a v e r a g e  t h a t  y o u  u s e  t h e m :
MACHINE OR TOOL HOURS USE PER DAY
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New Card
1 p ag e  6
mW  SECTION B
THIS SECTION IS ABOUT REGULAR AND OCCASIONAL PAIN OR DISCOMFORT 
P lease tick the boxes to indicate your answ er to  each  question
Have you had any pain or discomfort in any 
part of the body in the last 12 months?
Have you had regular pain or discom fort in any part of your body 
in  <the la s t -12 m onths? fRegular -ro e a n s ih a t 'th e  pain  *or d iscom fort 
should, have occurred at least once a week for a t least two m onths
]»»»>
Please sh ad e  on the diagram  below any a re a s  where you have 
had regular pain or discom fort in the last 12 months 
P lease describe the pain for each  area and indicate w hether you can 
connect it with anything that you do, (eg. work, sports,hobb ies etc...).
: w
338
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t
'»>
Have you had occasional pain or discom fort in any part of your 
body in the last 12 m onths? (Occasional m eans tha t the pain or 
discom fort has not occurred regularly or has occurred less than 
once a week).
1
Please shade on the diagram  below any a re a s  where you have 
had occasional pain or discom fort in the last 12 months 
Please describe the pain for each  area and indicate whether you 
can connect it with anything tha t you do, (eg. work, sports, 
hobbies etc...).
Right Right
m M
av.va;
•.y.y.v.
\v>X;Iv
m m m
wm m m m
1
I l S l l i l l l l f l
>>>>>>>>>> >>tv
i i f i i i i i f
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USE ONLY
19
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41
45
49
5 3
57
61
65
69
SECTION C
T H IS  SECTION I S  ABOUT ACHES AND F A IN S
1 P l e a s e  m a k e  s u r e  t h a t  y o u  t i c k  e i t h e r t h e  ' N O '  o r ' Y E S '  b o x  i n
1 e a c h  l i n e
U  I I I 1 .  H a v e  y o u  e v e r  h a d  p a i n  o r  d i s c o m f o r t N e c k NO I Y E S |  — I
1 1 1 1 i n  a n y  o f  t h e s e  p a r t s  o f  t h e  b o d y ? S h o u l d e r NO 1 YES I 1
3 1  1 I U p p e r  a r m NO 1 YES | 1
1- 1-  1 1 E lb o w NO 1 Y E S |  1
5  i 1 I L o w e r  a r m NO 1 YES I___I
I___1 I W r i s t NO 1 YES I 1
7 1 I 1 H a n d NO 1 YES I___1
1 1 1 U p p e r  B a c k  NO 1 YES | I
91 I I L o w e r  B a c k NO 1 YES | ___|
l_J_J_ 1 L e g NO ___1 YES | ___ I
1 1 1  1 I
1 ‘ 2 .  Do y o u  h a v e  p a i n  a t  t h e  m o m e n t  i n N e c k NO I. Y E S |  I
1 3 1  | “ I 1 a n y  o f  t h e s e  p a r t s  o f  t h e  b o d y ? S h o u l d e r NO 1 YES | |
I I 1 U p p e r  a r m NO 1 Y E S |  I
1 5 1  I I I - -’E l b o w HO YES | _ _  1
L o w e r  a r m NO 1 Y E S |  I
1 7 1  1 1 W r i s t NO 1 Y E S |  I
B a n d NO 1 Y E S |  I
1 9 1  1 1 U p p e r  B a c k  NO 1 YES | ___I
1___1___ l _ L o w e r  B a c k  NO 1 YES | 1
2 1 1  | I L e g NO __l YES 1___I
2 3 1  1 I 1 3 .  H a v e  y o u  e v e r  s o u g h t  m e d i c a l  a d v i c e N e c k NO 1 YES | ~ |
I I I 1 f o r  p a i n  i n  a n y  o f  t h e s e  p a r t s  o f  t h e S h o u l d e r NO ___1 YES I___ I
2 5 1  1 1 I b o d y ,  ( e . g .  f r o m  a  d o c t o r , U p p e r  a r m NO 1 Y E S |  I
1 ——m 1 ^  1 1 p h y s i o t h e r a p i s t  e t c . . . ) ? E lb o w NO _ _ l  YES I___1
2 7 1 1 1 L o w e r  a r m NO 1 Y E S |  I
W r i s t NO 1 Y E S l  I
2 9 1 1 I H a n d NO 1 Y E S |  1
I _ l ____1____ U p p e r  B a c k  NO I YES | 1
3 1 1  | | L o w e r  B a c k  NO 1 Y E S l  1
1 1 1 L e g NO _ l  YES I___I
3 3 1  1 I
l _ _ l  1 I 4 .  H a v e  y o u '  e v e r  h a d  a n y  m e d i c a l N e c k NO 1 Y E S | — I
3 5 1  1 I 1 t r e a t m e n t  f o r  p a i n  i n  a n y  o f  t h j g s e S h o u l d e r NO 1 YES | ___I
I I I 1 p a r t s  O f  t h e  b o d y  ( e . g .  f r o m  a  d o c t o r U p p e r  a r m NO 1 YES I___1
3 7 1  1 I 1 p h y s i o t h e r a p i s t  e t c ) ? E lb o w NO 1 Y E S l  1
L o w e r  a r m NO 1 YES | I
3  9 1” 1 1 W r i s t NO I Y E S | ___I
_ l ___l _ l ___ H a n d NO 1 YES j 1
I I 1 I I U p p e r  B a c k  NO 1 YES | ___1
l_J_l_J_J L o w e r  B a c k NO 1 YES | I
1 1 1 I 1 
I I I I  1
L e g NO _ _ l  YES | ___I
1 1 1 I 1 1 5 .  I f  y o u  h a v e  a n s w e r e d  ' Y E S '  t o  a n y  p a r t  o f  q u e s t i o n  3 o r  4  p l e a s e
l _ l _ l _ l  I 
1 1 1 1 1 1 w o u l d  y o u  p r o v i d e  u s  w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n : -     
L J _ L _ I  1 
1 1 1 1 1 
l _ J _ _ L _ l  1
| DIA G N O SIS  YEAR AREA AFFECTED CAUSE
1 1 1 I 1 
l_J_J_J_l
1 1 1 1 1 
l_J_J_L_l
1 1 1 1 1 
l_l_J_LJ
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| FOR O F F IC Ea) D i d  y o u  h a v e  a n y  s i c k  l e a v e
b) I f  ' 'Y E S "  how  m a n y  d a y s  s i c k  
d i d  y o u  h a v e ?
i n  1 9 8 7 ?  
l e a v e
N O j___I Y E S l ___|
d a v s
I USE ONLY 
j New C a r d
1 1 l~l 
1 2f”fT“l
a )  D i d  y o u  h a v e  a n y  s i c k N e c k NOl 1 YES | “ | 1 l_LJ_l
l e a v e  i n  1 9 8 7  r e l a t e d  t o S h o u l d e r HOl___! Y E S l ___j 1 5 1 I I
p r o b l e m s  w i t h  a n y  o f  t h e s e U p p e r  a r m n o ]___1 YES j___I 1 I I  1
a r e a s  o f  t h e  b o d y ? E l b o w N O l___I YES I___I 1 7 1 I 1
L o w e r  a r m NO I___1 YES I___I 1 1 1 __ 1
W r i s t NO] 1 Y E S l ___I 1 9 l  1 1
H a n d N O l___I Y E Sl  I
U p p e r  B a c k NOl 1 Y E Sl j 1 111 1 1
L o w e r  B a c k NOl 1 Y E S l ___j
L e g NO I___1 YES j 1 1 1 3 1 1 1
b )  I f  " Y E S "  h o w  m a n y  d a y s  s i c k l e a v e  d i d  y o u h a v e 1 M 1 I
a n d  w h i c h  p a r t  o f  t h e  b o d y  w a s  i t  r e l a t e d t o ? 1 1 5 |  \ 1 1
DAYS OF S IC K  LEAVE PART OF BODY AFFECTED 1 ru_i_i_1 1 9 1  1 1 1
1
8 .  a )  H a v e  y o u  e v e r  b r o k e n  a n y  b o n e s ?  
b )  I f  ' Y E S '  w h i c h  b o n e ( s ) ?  _ _
HO j __
a n d  w h e n ?
YESl
1 1 _
1 28 1  
i • ii
1 3 2 1
— ---- —  *
a )  H a v e  y o u e v e r  s o u g h t  m e d i c a l  a d v i c e  ___ l _ _ _1
f o r  a s p r a i n  o r d i s l o c a t i o n ?  NOj___I YES I___I
|
3 6
b )  I f  " Y E S ' w a s  i t  f o r  a n y  o f  t h e  f o l l o w i n g  j o i n t s ?
i
1 3 9
' " a
I f  ' Y E S '  W hen? (YEAR) 1
1 4 2
N e c k NO | ___ Y E S l  1 1 ___ ___ _  1
S h o u l d e r NOl___ Y E S l  1 4 5
E l b o w N 0 | ___ Y E S l  1 _ _ _ . 1
W r i s t n o !___ •YES I I 1 4 8
H a n d NO J_ YES 1 1 ___ __ __ 1
H i p NOl___ YES 1 1 51
K n e e NOl___ YES I I ___ ___ _  1
A n k l e NO]___ Y E S l  1 1 5 4
B a c k N 0 | ___ Y E S l  1 1 ___ ___ _ ..... I
1 57 1
H a v e  y o u b e e n  d i a g n o s e d  b y  y o u r  d o c t o r  a s  h a v i n g  ___ l _ _ _ _ _ 1
a r t h r i t i s ,  r h e u m a t i s m  o r  " w e a r  a n d  t e a r " ?  NOl 1 Y E S l ___| 1
|
61
W e r e  a n y o f t h e  f o l l o w i n g  j o i n t s  a f f e c t e d ?
1
1 6 4
1 " ’  a
( P l e a s e I n d i c a t e  w h e n  i t  w a s  d i a g n o s e d ) 1
___ Y e a r  o f  D i a g n o s i s 1 67
N e c k N 0 | ___ Y E S l  1 1 ___ _ - 1
S h o u l d e r N 0 | ___ YES 1 1 1 7 0
E lb o w N 0 | ___ Y E S l  1 1 _1
W r i s t NO I Y E S l  1 1 7 3
H a n d N O l___ YES 1 I 1 _ _ __1
H i p NO I___ YE S 1 1 1 7 6
K n e e N 0 | ___ YES 1 1 1 _ _; _ 1
A n k l e N 0 | ___ Y E S l  1 1 7 9
23
241
341
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if 
i:
41 
1.
71
I.
1 0 ]
]_
1 3 1  
I.
>16]
I.
1 9 1
I________
22] I
2 3 1 1
I I
24 1  I
l_ l
2 5 1  I
2 7 1 I I I 
3 0 ]  | | |
• LJ_LJ
I I
I i 
_J_I 
I I 
_ l _ l  
I I
_ ] _ ]  
] I 
_]_l 
I I
I 1 
I I
- 8 -
1 1 .  H a v e  y o u  e v e r  b e e n  d i a g n o s e d  b y  a  d o c t o r  a s  s u f f e r i n g  f r o m  a n y  
o f  t h e  f o l l o w i n g ?  ( P l e a s e  i n d i c a t e  w h e n  t h i s  c o n d i t i o n  w a s  
f i r s t  d i a g n o s e d )
Y e a r  o f  D i a g n o s i s
a )  D i a b e t e s  M e l l i t u s  N O ] _| Y E S |  |____ _____________________________
b )  K i d n e y  f a i l u r e  NO I___ j YES l ___j _____________________________ _
c )  A m y l o i d o s i s  NO]___ j Y E S ]___ j ______________________________
d )  A c r o m e g a l y  NO]___ I YES I___ I - ~____________________
e )  H y p o t h y r o i d i s m  NO I___ I YES I___j ______________________________
f )  H i g h  b l o o d  p r e s s u r e  NO] I Y E S |_  ]- '___________ ;______________
g )  H y p e r p a r a t h y r o i d i s m  NO I j Y E S ]  j ' ' _____________ _________
T h e  f o l l o w i n g  q u e s t i o n s  a r e  f o r  WOMEN o n l y
P l e a s e  t i c k  t h e  a p p r o p r i a t e  b o x  f o r  e a c h  q u e s t i o n  
w h i c h  a p p l i e s  t o  y o u : -
1 2  - I  h a v e  h a d  p u m b n e s s / t i n g l i n g  i n  my h a n d s  d u r i n g  p r e g n a n c y ...................... I I
- I  h a v e  n e v e r  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  d u r i n g  p r e g n a n c y .  I___I
- I  h a v e  n o t  h a d  a . p r e g n a n c y   _______________________   I___ I
1 3  - I  h a v e  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  p r i o r  t o  m e n s t r u a t i o n .  
- I  h a v e  n e v e r  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  p r i o r
t o  m e n s t r u a t i o n . . ................................ ...................................................... .. ................. .......................
- I  h a v e  n e v e r  m e n s t r u a t e d  ..................... .......................................................................................
1 4  - I  h a v e  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  s i n c e ___________________________ ___
p a s s i n g  t h r o u g h  t h e  m e n o p a u s e . . . . . . ............................................... ' • ................................. I___ I
- I  h a v e  n e v e r  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  s i n c e ___________________ ___
p a s s i n g  t h r o u g h  t h e  m e n o p a u s e .     .........................................i__ I
- I  h a v e  n o t  p a s s e d  t h r o u g h  t h e  m e n o p a u s e .   .......................................................  I
1 5  - I  h a v e  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  s i n c e  I  ___
u n d e r w e n t  g y n a e c o l o g i c a l  s u r g e r y ^ ........................................................................................... I___ I
- I  h a v e  n e v e r  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  s i n c e  I ______________ ___
u n d e r w e n t  g y n a e c o l o g i c a l  s u r g e r y . ..................................................................................... . 1 ___ I
- I  h a v e  n o t  u n d e r g o n e  g y n a e c o l o g i c a l  s u r g e r y   .........................................I____I
1 6  ~ I  h a v e  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  w h i l s t ______________________________
u s i n g  o r a l  c o n t r a c e p t i v e s ..................................... ..... ........................ .. ...................................... ... l _ l
- I  h a v e  n e v e r  h a d  n u m b n e s s / t i n g l i n g  i n  my h a n d s  w h i l s t _________________ ___
u s i n g  o r a l  c o n t r a c e p t i v e s .............................................   I____I
. - I  h a v e  n e v e r  u s e d  o r a l  c o n t r a c e p t i v e s  . . .....................................   I___ I
PLEASE CHECK THAT YOU HAVE ANSWERED EVERY QUESTION 
THANK YOU FOR YOUR CO-OPERATION
Q REV 5/03.88
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Diagnostic Checklist (For Use with Cases)
I I I i P a t i e n t  N o .
I I I I
DIAGNOSTIC CHECKLIST 
TO BE COMPLETED BY INTERVIEWER /  PHYSICIAN
W h en  d i d  t h e s e  s y m p t o m s  b e g i n ?   ______________ ___________________________ _______
H a v e  y o u  e x p e r i e n c e d  t h e s e  s y m p t o m s  b e f o r e ?  N 0 | ___ 1 YES I |
I f  ‘' Y E S '  w h e n  d i d  t h i s  h a p p e n ? _______ "______ ____________________________________
Do y o u  n o t i c e  a n y  c h a n g e  i n  t h e
s e v e r i t y  o f  t h e  s y m p t o m s  d u r i n g ____________ ___ ___ ___
t h e  c o u r s e  o f  : T h e  D a y  N 0 | ___ | YES I___ | DO N 'T  K N O W | _ |
T h e  N i g h t .  .  N O l _ |  YES | _ j  D O N 'T  KNOW| _ J
T h e  W e e k  v  H O  | _ |  YES | _ _  j DO N 'T  KNOW I  I
T h e  M o n t h .  .  NO I j YES I j DO N 'T  KNOW I I
T h e  Y e a r  .  .  NOl j YES j_ _ | DO N 'T  K N O W | _ |
I f  ' Y E S ' ,  w h e n  a r e  t h e  s y m p t o m s  a t  t h e i r  w o r s t ?  __________________________
H a v e  a n y  o t h e r  m e m b e r s  o f  f a m i l y ______________ ___ ___
e x p e r i e n c e d  s u c h  s y m p t o m s ? .  .  . .  N 0 |  I Y E S |  | DON'T  KNOWl I
I f  ' Y E S '  g i v e  d e t a i l s ? ,  ( i e  r e l a t i o n s h i p )
Do y o u  e x p e r i e n c e  a n y  t i n g l i n g  o r  n u m b n e s s  i n _______ __  ___
a n y  o t h e r  p a r t s  o f  y o u r  b o d y ? .  . . . . . . .  N 0 | __I Y E S | ____I
I f  ' Y E S ' .  W h e r e  d o e s  i t  o c c u r ?9 (  ■ ■ — ■■■! ■' ■ ■- ...-II I I .
Do a n y  o f  y o u r  j o i n t s  f e e l  s t i f f ?  .  .  .  .  . . N 0 |  | YES I I
‘ I f  ' Y E S ' ,  w h i c h  j o i n t s  a r e  a f f e c t e d ?  ________________ ________________________
Do y o u  e x p e r i e n c e  a n y  s w e l l i n g ,  b l o a t e d n e s s ,  o e d e m a  __  ___
o r  w a t e r  r e t e n t i o n  i n  a n y  p a r t  o f  y o u r  b o d y ?  .  .  . N 0 | __ | Y E S l____I
I f  ' Y E S ' ,  w h i c h  a r e a s  a r e  a f f e c t e d ?
P h a l e n s  T e s t .  .  .   ............................................ P O S I T I V E l  | NEGATIVE I I
I f  ' P O S I T I V E '  n o t e  t i m e  i n  s e c o n d s  __________________________________________ _
F l i c k  T e s t  .  .  .  .  . .  .  . . .  P O S I T I V E | ~ |  N E G A T I V E | ~ |
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Diagnostic Checklist (For Use with Controls)
j | I i P a t i e n t  N o .
I I I I
DIAGNOSTIC CHECKLIST 
TO BE COMPLETED,BY INTERVIEWER /  PHYSICIAN 
P l e a s e  d e s c r i b e  y o u r  c u r r e n t  s y m p t o m s  /  c o n d i t i o n
I f  t h e  u p p e r ^ e x t r e m i t y  i s  a f f e c t e d ,  STOP 
W h a t  w a s  t h e ^  c a u s e  o f  y o u r  c o n d i t i o n ?  ___
I f  c a u s e d  b y  a  s p o r t i n g  i n j u r y ,  STOP
W hen d i d  y o u r  c o n d i t i o n  /  s y m p t o m s  b e g i n ?  m o n t h  __________  1 9  ____
I f  l e s s  t h a n  2  m o n t h s  o r  g r e a t e r  t h a n  5  y e a r s ,  STOP
H a v e  y o u  h a d  a n y  a r e a s  o f  t i n g l i n g ,  p i n s  a n d  n e e d l e s ,  n u m b n e s s ,
p a i n  o r  w e a k n e s s ,  i n  y o u r  h a n d s  i n  t h e  l a s t  5  y e a r s ?     _________
N O l | YES |  I
I f  ' Y E S ' ,  STOP
H a v e  a n y  o t h e r  m e m b e r s  o f  f a m i l y ______________ ___ ___
e x p e r i e n c e d  s u c h  s y m p t o m s ? .  .  .  .  N 0 | ___I Y E S l___ I D O N 'T  KNOWl___ I
I f  ' Y E S '  g i v e  d e t a i l s ? ,  ( i e  r e l a t i o n s h i p )
Do y o u  e x p e r i e n c e  a n y  t i n g l i n g  o r  n u m b n e s s  i n  _ _  * ___
a n y  o t h e r  p a r t s  o f  y o u r  b o d y ? .......................................... ... .  .  N O j___| Y E S |___ |
I f  ' Y E S ' ,  W h e r e  d o e s  i t  o c c u r ?  ______ ____________________________________________
Do a n y  o f  y o u r  j o i n t s  f e e l  s t i f f ?  . . .  .  .  .  NOI 1 Y E S |  I
I f  ' Y E S ' ,  w h i c h  j o i n t s  a r e  a f f e c t e d ?  ______________• _______________________
Do y o u  e x p e r i e n c e  a n y  s w e l l i n g ,  b l o a t e d n e s s ,  o e d e m a  ___ _ _
o r  w a t e r  r e t e n t i o n  i n  a n y  p a r t  o f  y o u r  b o d y ?  .  .  .N O l  | Y E S |  I
I f  ' Y E S ' ,  w h i c h  a r e a s  a r e  a f f e c t e d ?  __________________________________________
P h a l e n s  T e s t .  .  .  .  .  .  . . .  .  P O S I T I V E O  N E G A T I V E | ] 3
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Diagnostic Checklist (For Use with cases and Controls)
| | | (  P a t i e n t  N o .
DIAGNOSTIC CHECKLIST 2 
TO BE COMPLETED BY INTERVIEWER /  PHYSICIAN
A r e  y o u  t a k i n g  a n y  m e d i c a t i o n  a t  t h e  m o m e n t ?  Y E S |___I N 0 |  I
( I n c l u d i n g  v i t a m i n s ,  m i n e r a l s  a n d  o r a l  c o n t r a c e p t i v e s )
I f  ' Y E S '  R e c o r d  m e d i c a t i o n ( s )  b e l o w :
A n c o l o x i n  .  .  .  .  .  .  .  . . . .  . . . .  .  .  I
B e n a d o n  .  .  . . .  .  .   ................................ .....  .  .  I
C o m p l o m e n t  C o n t i n u u s .  . . . . . .............................  . I
D a n a z o l  •. • • .  .  .  .  .  .  .  .  .  .  .  .  .  . . j
D e b e n d o x  . * « « « . . . . . . . . . . . . I
D i s u l p h i r a m ,  ( A n t a b u s e )  .......................................... .  . ]
I s o n i a z i d .....................................................................  I
O r a l  C o n t r a c e p t i v e s   .................................. . . . . I
P e n i c i l l a m i n e  .  .  . . .  . .  .  .  .  . .  .  .  . I 
T h a l i d o m i d e .  . . . . . . . . . . . . . . . I
V i t a m i n  B c o m p l e x  . . . . . . . . . . . . .  I
V i t a m i n  B 6 ,  ( P y r i d o x i n e  H y d r o c h l o r i d e ) .  .  .1
D IA B E TIC S  ONLY
I s  y o n r  c o n d i t i o n  c o n t r o l l e d  b y : __________________________________ ___ ___
( i )  D i e t a r y  r e g u l a t i o n  Y E S l_____ I N 0 | ___I
( i i )  O r a l  h y p o g l y c e m i c s  YES I_____ 1 NO I___I
( i i i ) l n s u l i n  i n j e c t i o n s  Y E S |_____ I NO I___I
W h i c h  s i t e s  d o  y o u  r e g u l a r l y  i n j e c t ? __________________________
RENAL PATIE N TS ONLY
W h i c h  c o n d i t i o n / d i s o r d e r  d o  y o u  s u f f e r  f r o m ?  ______________________________
Do y o u  u n d e r g o  d i a l y s i s  r e g u l a r l y  . . . . . . . .  . Y E S l  I N 0 |  I
I s  y o u r  b l o o d  d i a l y s e d  v i a  ( i )  a  c a n n u l a  . . . . .  . Y E S l  I N 0 |  |
( i i ) a  f i s t u l a  .  . . . .  . Y E S l  j N 0 | ___ |
I n  w h i c h  p a r t  o f  y o u r  b o d y  i s  i t  l o c a t e d ?  ' • ' ________
3 4 5
CONSENT FORM
V olun teers  P a r t i c i p a t i n g  in  The M u sc u lo sk e le ta l  
D iso rder  and A sso c ia ted  R isk  F a c to rs  Study
I a■ ;_________________;___________________________ (Block L e t t e r s )
o f   _______ _______________________________
a g ree  to  p a r t i c i p a t e  in  the  m u s c u lo sk e le ta l  d is o rd e r  
r i s k  f a c t o r s  s tudy  on th e  fo llo w in g  te rm s:
1 .  The experim en ta l  p r o to c o l ,  th e  o b je c t iv e s  and th e  
methods have been ex p la in ed  to  me.
2 . A l l  th e  r e l e v e n t  in fo rm a tio n  r e l a t i n g  to  th e  procedures  
and s u b s ta n c e ( s )  to  be used and samples to  be taken  has 
been exp la in ed  to  me.
3-. I  u n d ers tan d  th a t  I  have the  r i g h t  to  withdraw from the  
t r i a l  a t  any tim e.
4.- I  am over 18 y ears  of age.
Signed. Date
Appendix V
Additional Results from Main Study
Comparisons of variables relating to background details of the cases and controls have 
been made. These relate to weight, height, handedness, the participation in leisure pursuits, 
and the demographic area in which they live.
Also, scatterplots of the four aspects of vitamin B6 status and age are presented.
Weight
The weights (self estimated in stones and lbs and converted to SI units) of the cases and 
controls were compared:
Table A.V.1: Comparison of Weight (kg):
Group Number Mean Standard Mean
Deviation Difference
Cases 30 70.8 11.3
-4
Controls 30 74.8 19.5
Paired t-test
t = -1.05 with 29 degrees of freedom 
Probability (two tailed) p = 0.30
Valid Pairs = 30 
Missing Pairs = 4
The difference between the weights of the cases and controls was not significant at the 5% 
level. Two cases and three controls refused to provide information about their weights. In 
the authors opinion, these subjects, (all female) would be considered to be obese.
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Height
The heights of the two groups (self estimated in feet and inches converted to SI units) were 
also compared.
Table A.V.2: Comparison of Height (metres): 
Group Number Mean
Cases 33 1.64
Controls 33 1.67
Paired t-test
t = -1.83 with 32 degrees of freedom 
Probability (two tailed) p = 0.08
Valid Pairs = 33 
Missing Pairs = 1
One case failed to provide this information. It came from one of the three persons who 
returned the questionnaire by post. It was thus not possible to discover why the 
information had not been provided.
The difference in height between cases and controls was not significant at the 5% level.
Standard
Deviation
0.08
0.13
Mean
Difference
-0.03
348
Handedness
The cases and controls were classified according to whether they were right or left handed, 
(questionnaire item).
Table A.V.3: Comparison of Preferred Hand:
Controls 
Right Left
Handed Handed
Right Handed
1 1 
1 26 1 
1 1
1
4 1 
1
30
Left Handed
1 1 
1 4 1 
1 1
1
0 1 
1
4
30 4 34
Binomial Test
Probability (two tailed) p = 1.0 
Valid Pairs = 34
No significant difference between the preferred hands of the cases and controls were 
found.
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Numbers from Each Hospital Facility
It was originally intended that the controls be drawn from the same hospital group as the 
cases. 32 (94%) of the cases came from a rheumatology clinic in the Croydon area. The 
remaining two cases (6%) came from an orthopaedic clinic in the Guildford area. Eight 
(24%) of the controls came from the physiotherapy department in Guildford. The 
remainder (76%) were from the physiotherapy departments in the Croydon area. Cases and 
controls were compared with respect to the group of hospitals that they presented at:
Table A.V.4: Comparison of Hospital Group:
Controls 
Guildford Croydon
Area Area
Guildford Area
1 1 
1 0 1 
1 1
1
2 1 
1
2
Croydon Area
1 1 
1 8 1 
1 1
1
24 1 
1
32
8 26 34
Binomial Test
Probability (two tailed) p = 0.11 
Valid Pairs = 34
There was no significant difference between the hospital group that the cases and controls 
were selected. It should be noted that for the purposes of the vitamin B6 determinations, 
seventeen of the nineteen pairs tested (89%) both the case and control were from the same 
hospital group.
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To get a crude indication as to whether the catchment areas for the cases and controls was 
similar, the demographic distribution of the cases and controls is illustrated on the 
following page.
In view of the fact that they were presenting to different physicians and at different 
departments, the cases and controls were marked out on a map of the area according to 
where they lived. Whilst it is evident that cases and controls presenting at the hospitals in a 
particular group appeared to be drawn from approximately the same areas, it is still 
possible that other factors related to the areas in which they live also have an effect.
Vitamin B6 Status
Figures A.V.2 to A.V.5 demonstrate the relationship of the four aspects of vitamin B6 
status with age. Males and Females are presented on the same scatterplots.
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aF ig u re  A .V .l :  Demographic d i s t r i b u t i o n  o f  th e  c a se s  and c o n t r o l s .
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Figure A.V.2: Scatterplot of %Activation against age for the university volunteer group
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Figure A.V.3: Scatterplot of %Deficiency against age for the university volunteer group
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Figure A.V.4: Scatterplot of EGOT activity without added vitamin B6, (Units.gHb- *) 
against age for the university volunteer group
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Figure A.V.5: Scatterplot of EGOT activity with added vitamin B6, (Units.gHb” *) 
against age for the university volunteer group
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Classification ot Hobbies and sports into those involving the hands and those not 
involving the hands:
Sports, hobbies and leisure pursuits involving little or no use of the hands:
Swimming, Walking, Religion, Aerobics, Jogging, Running, Reading, Keep Fit, Watching 
T.V., Singing, Theatre, Tap Dancing, Yoga, Dog Showing.
Sports, hobbies and leisure pursuits involving a greater degree of hand use: 
Gardening, Knitting, Sewing, Hockey, Cricket, Basketball, Volleyball, Shooting, Pool, 
Golf, Squash, Weight Training, Cycling, Bowls, Fishing, Woodwork, Photography, 
Painting, Sailing, Flying, Boxing, Skiing, Campanology, Machinge Knitting, Tennis, 
D.I.Y., Windsurfing, Badminton, Karate, Model Building, Cooking, St .Johns Ambulance, 
Korfball.
Classification of jobs into those requiring little force to be exerted by the hands and 
those requiring medium to high force:
Low force:
Company Manager, Salesman, Safety advisor, Bookkeeper, Electrical Appliance Repairer, 
Hairdresser, Shop Manageress, Civil Servant, Secretary, Company Director, Rating 
Officer, Police Constable, Child Minder, Receptionist, Meterologist, Seamstress, Teacher.
Medium to high force:
Packer, (packing and loading foil trays, sex toys etc..), Furniture Remover, Shoe Repairer, 
Carpenter, Decorator, Restaurant Worker/Cleaner, Shelf Filler, Gardener, Fireman, 
Warehouseman, Sports Club Aid (cleaner & barmaid), Nursing Auxilliary, Provisions 
Assistant, Plasterer
Classification of occupations into repetitive manual work and non repetitive manual 
work
Non Repetitive:
Police Constable, Salesman, Restaurant Worker, Secretary, Sports Club Aid, Child 
Minder, Fireman, Meteorologist, Company Director, Civil Servant, Cleaner,Bilingual 
Secretary, Carpenter, (Running own Business),
Repetitive Manual Work
Nursing Auxilliary, Civil Servant, Provisions Assistant, Teacher, Seamstress, Inspector of 
Electrical Goods, Warehouseman, Receptionist, Carpenter, Sales Assistant, Journalist, 
Packing Electrical Goods, Shop Assistant, Packing (foil Trays for take away meals), 
Repairing Electrical Appliances, Packing, (Sex Toys), Shelf Filler, Decorator, Shoe 
Repairer, Barmaid, Plasterer, Meter Reader, Hairdresser, Rating Officer, Safety Advisor, 
Furniture Remover, Book Keeper, Gardener.
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Appendix VI
Turner J.P., Buckle P.W., (1987), Carpal tunnel syndrome and associated risk factors - A 
review, (1987), In, Musculoskeletal Disorders at Work, ed Buckle P.W., (Taylor & 
Francis, London)
Buckle P.W., Turner J.P., Reardon J., Reed N., (1987), Development of a self - 
administered questionnaire for musculoskeletal disorders of the upper extremities. 
Communication to the 11th World Congress of Occupational Accidents and Disease, 
Stockholm, Sweden
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CARPAL TUNNEL SYNDROME AND ASSOCIATED RISK FACTORS
- A REVIEW
Turner, J.P. and Buckle, P.W.
Ergonomics Research Unit, Robens Institute, 
University of Surrey, UK
ABSTRACT
Carpal tunnel syndrome, (CTS), is associated with a 
number of systemic conditions. This review has also 
identified many risk factors associated with the 
condition. These include individual characteristics, 
states of health and occupational tasks. The relationships 
between these factors is unclear, as is the underlying 
pathology. Similarly the current literature does not 
usually quantify the risk associated with each factor.
INTRODUCTION
At the wrist, the median nerve and the flexor tendons 
of the fingers and thumb are collectively surrounded by 
the structures which form the walls of the carpal tunnel. 
The borders of the carpal tunnel consist of the carpal 
bones and the transverse carpal ligament.
Carpal tunnel syndrome, (CTS), is a condition 
characterised by symptoms indicative of focal median nerve 
dysfunction within the confines of the carpal tunnel. The 
symptoms include paraesthesia and pain in the regions 
innervated by the sensory fibres of the median nerve, 
(distal to the carpal tunnel), and similarly weakness or 
atrophy of the muscles innervated by its motor fibres.
Pain and discomfort in the hand and / or arms may 
be characteristically accentuated at night.
Electrophysiological tests of median nerve function 
are necessary to confirra the diagnosis.
Whilst a number of factors are known to be associated 
with CTS, it is only in recent years that associations
3 5 9
between CTS and specific occupational factors have come to 
light.
THE EXTENT OF THE PROBLEM
Data concerning the annual incidence of CTS in the UK 
at the moment are currently unavailable. Information about 
the condition is routinely recorded by government bodies 
but problems arise in the reporting and classification of 
the disease. The bulk of our current knowledge about 
the syndrome comes from the following sources: case 
studies, studies involving groups of CTS patients, groups 
of other individuals of whom a proportion were CTS 
patients and case-control studies.
SYSTEMIC CONDITIONS ASSOCIATED WITH CTS
i
Acromegaly - Both Yamaguchi et al (1965) and Posch & 
Marcotte (1976) found that about 0.5% of their group® of 
CTS patients, (about 1,200 in each case), were 
acromegalics. CTS appears to suggest ongoing pituitary 
overactivity, (O'Duffy et al 1973). Treatment of the 
underlying endocrine disorder, where feasible, appears to 
relieve the symptoms of CTS.
Amyloidosis - Peri-collagenous amyloidosis appears to 
predominantly associated with CTS (Bastian 1974; Hallen & 
Rudin 1966; Hallet 1982; Chapman & Cotter 1982). The last 
three of these papers refer to case studies refer to case 
studies involving CTS patients who were treated 
surgically. Large amorphous masses of amyloid were found 
in the carpal tunnel and removed at surgery. All these 
patients were suffering from a form of amyloidosis known 
as myelomatosis. Other authors refer to microscopic 
deposits of amyloid present in tissue samples taken at 
surgery, (Bastian 1974; Bjerrum et al 1984; Lambaird and 
Hartmann, 1969). No gross masses were evident.
Diabetes Mellitus - About 5 - 8% of certain groups of CTS 
patients appear to be diabetics, (Phalen 1966; Posch & 
Marcotte 1976). In another study, Phalen (1970), rep>orts 
that 16.6% of 379 CTS patients were diabetics. In total 
27.2% were either diabetics or had a family history of the 
disorder. Bell & Clement (1983) refer to a specific case 
in which the syndrome appeared to be related to the 
insulin injection site.
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Hyperparathyroidism - A few case reports (Firooznia et al 
1981; Palma 1983) indicate that hyperparathyroidism 
whether primary or secondary, (resulting from renal 
dysfunction), is associated with CTS. In one case, 
(Firooznia et al 1981), calcium hydroxyapatite was removed 
from the carpal tunnnel tissues at surgery. Valenta (1975) 
refers to a case of CTS developing after the removal of 
a parathyroid adenoma. Subsequent calcification of the 
bones of the hand was prominent.
Hypothyroidism and Myxoedema - 6.3% of the total of 1,215 
CTS patients reviewed by Yamaguchi et al (1965) were 
also suffering from myxoedema. Treatment of the 
underlying endocrine condition appears to improve the 
syndrome (Chisholm 1981).
Renal failure — With the advent of renal dialysis 
techniques renal patients have been noted to suffer from 
CTS, (Jain et al 1979; Spertini et al 1984; Halter et al 
1981; Warren & Otieno 1975; Delroez et al 1982; Kenzora 
1978). Some authors feel that the syndrome is in some way 
related to the altered haemodynamics resulting from 
dialysis procedures, (Kenzora 1978; Warren & Otieno 1975). 
Amyloid deposits are occasionally found at surgery, 
(Spertini et al 1984; Kenzora 1978)
Rheumatoid arthritis - Yamaguchi et al (1965) and Phalen 
(1966) report that 7.6-11.2% of CTS patients suffer from 
Rheumatoid arthritis. *
Yamaguchi et al (1965), Phalen (1966) and. Posch & 
Marcotte (1966) present data which suggest that systemic
•conditions, (such as those mentioned above), account for 
about 20-30% of the total number of CTS sufferers.
' OTHER FACTORS ASSOCIATED WITH CTS
Apart from the systemic conditions mentioned above, the 
following factors appear to be associated with CTS:
Family History - Gray et al (1979) report a primary 
familial type of bilateral CTS. Family pedigree suggested 
an inheritable disorder transmitted by an autosomal 
dominant gene with a high degree of penetrance. Nineteen, 
(44%) of the total of 43 living members of the family 
suffered from the syndrome.
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Gynaecological Surgery - Cannon et al (1981) compared 30 
workers with CTS with 90 controls. A history of gynaeco­
logical surgery (specifically hysterectomy with bilateral 
oophorectomy) and the use of vibratory hand-held tools 
were strongly associated with CTS.
Medication - Case studies (Sikka et al 1983; Howard 1982; 
Clemmensen et al 1984), have been reported in the 
literature indicating that some drug preparations appear 
to have precipitated episodes of CTS.
Sabour & Fadel (1970) reports findings concerning 62 
women who were diagnosed as suffering.from CTS. All were 
taking oral contraceptive preparations at the time. Their 
symptoms improved when they stopped taking the 'pill*.
Menopause - Dieck & Kelsey (1985) state that it has 
generally been felt that women of menopausal age are at an 
increased risk of developing CTS. In their study 75% of a 
group of 40 women treated surgically for CTS in a 2 year 
period were in their fifth decade.
Posch & Marcotte (1976) reports that 7.4% of 1,201 CTS 
patients were menopausal women.
.Occupation - Varying proportions, (34'.7-79%), of groups of 
CTO patients aissociate their condition with their 
occupation, (Birkbeck & Beer 1975; Posch & Marcotte 1976; 
Tountas et al 1983). Repetitive and forceful hand 
movements, prolonged grasping and pinching and the use of 
hand held vibratory tools all appear to be implicated, 
(Punnett et al, 1985; Birkbeck & Beer 1975; Falck & Aamio 
1983 ; Cannon et al 1981; Rothfleisch & Sherman 1978; 
JarvinCn & Kuorinka 1979; Armstrong & Chaffin 1979).
Pregnancy - Paraesthesia and CTO have been noted to occur 
in women during pregnancy, (Wilkinson 1960; Wood 1961; 
Voitk et al 1983). Voitk et al- (1983) interviewed and 
examined 1,000 pregnant women after delivery - 24.5% had 
experienced symptoms consistent with a diagnosis of CTS 
during pregnancy. Oedema appeared to be more prominent in 
those women with hand symptoms.
Premenstrual Syndrome. (PMS) - Dalton (1984) mentions that 
paraesthesia of the hands and feet is common amongst those 
women with PMS who also experience water retention and 
symptoms of weight gain and bloatedness. Although the 
symptoms may initially be limited to the premenstruum, 
they may become more severe until present during the whole 
cycle.
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Pyogenic Infections - Case studies of acute episodes of 
CTS secondary to pyogenic infections of the forearm, 
(Williams & Geer 1963) and hand (Bailey & Bolton Carter 
1955) have been previously reported.
Sex - In the literature female sufferers tend to outnumber 
male sufferers. In the region of 60-75% of groups of CTS 
sufferers tend to be females (Tountas et al 1983;
' Yamaguchi et al 1965; Posch & Marcotte 1976; Birkbeck & 
Beer 1975).
Trauma (Acute) - 5-6% of the groups of CTS sufferers 
reviewed by Phalen (1966) and Posch & Marcotte (1976) had 
previously fractured their affected wrist. Lynch & 
Lipscomb (1963) reported that of 600 cases of Colles 
fractures, CTS subsequently developed in 20 wrists, (19 
patients). The time lapse between the initial fracture and 
the symptoms varies, in general from a few hours to a few 
months.
• Vitamin B6 Deficiency - In recent years some studies have 
suggested that vitamin B6 deficiency might be associated 
with the development of CTS, (Ellis et al 1976; Ellis et 
al 1979; Ellis et al 1982; Wolaniuk et al 1983; Hamfelt 
1982; D*Souza 1985). There is however no consensus on this 
at the current time.
CONCLUSIONS AND DISCUSSION
It is evident from the literature that a large number 
of factors appear to be associated with the syndrome. 
Unfortunately this paper can only give examples of the 
more common ones. Systemic .conditions appear to be 
associated with only 20-30% of the total number of cases 
of CTS. The development of the condition in the majority 
of sufferers is probably related to other factors.
The underlying physiological mechanisms for the 
development of the syndrome are not well understood. In 
some cases inflammatory responses, tissue deposits, 
tumours and acute trauma appear to account for the 
syndrome. In the vast majority of cases the picture is 
less clear.
It is not unreasonable to suppose, therefore, that there 
might be underlying mechanisms common to many of these 
associated risk factors. Their identification may lead to 
a better understanding of the pathology of CTS.
In addition the strengths of association need to be
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better established. This would be facilitated by improved 
routine recording of the presence / absence of the factors 
mentioned above when patients present with CTS.
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MUSCULOSKELETAL DISORDERS OF THE UPPER EXTREMITIES.
ISSA I n t e r n a t i o n a l  S e c t io n  fo r  R esearch  on P re v e n tio n  of 
O ccu p a t io n a l  R isks
B u ck le ,P ;  T u r n e r , J ;  R eardon ,J  and Reed,N
Ergonomics R esearch  U n i t ,  Robens I n s t i t u t e  of I n d u s t r i a l  and
E nvironm enta l H ea lth  and S a fe ty  and Mayday H o s p i ta l ,  Croydon.
U n iv e r s i ty  o f  S u r re y ,  G u ild fo rd ,  GU2 5XH, U.K.
I n t r o d u c t io n
The study  r e p o r te d  was c a r r i e d  ou t as p a r t  o f  a major 
i n v e s t i g a t i o n  o f  m u s c u lo sk e le ta l  d i s o r d e r s  o f  th e  upper 
e x t r e m i t i e s  and t h e i r  o c c u p a t io n a l  a s s o c i a t i o n s .  In  o rd e r  to  
a s s e s s  th e  e x t e n t  o f  th e se  problems in  la rg e  i n d u s t r i a l  
groups i t  was found n ece ssa ry  to  develop s e l f - a d m in is te r e d  
q u e s t i o n n a i r e s  ( 1 , 2 , 3 ) .
R e s u l t s  ~
T h is  i n v e s t i g a t i o n  c o n s id e re d  th e  c o n c u r re n t  v a l i d i t y  o f  
s e l f - r e p o r t e d  s ig n s  and symptoms w ith  subsequent m edical 
a s sessm en t d u ring  c o n s u l t a t i o n ,  f o r  53 o u tp a t i e n t s  a t te n d in g  
a rheum atology c l i n i c .  74% of the  s u b je c t s  who were given the
q u e s t io n n a i r e  were a b le  to  com plete i t  w ith  no a s s i s t a n c e .  Of
th e  23 item s c o n s id e re d  in  th e  q u e s t i o n n a i r e  ( d e a l in g  w ith  
a s p e c t s  o f  p e r s o n a l  d e t a i l s ,  a c t i v i t i e s ,  g e n e ra l  pa in  
p a t t e r n s ,  upper ex tre m ity  p a in  h i s t o r y ,  and d iagnoses  fo r  
d i s o r d e r s  p r i o r  to  t h e i r  p r e s e n t  c o n s u l t a t i o n )  th e  m a jo r i ty  
(n=13) have shown a c o n c u rre n t  agreement o f  75% or g r e a t e r  
between th e  d a ta  reco rd ed  by th e  c l i n i c i a n  and th a t  e l i c i t e d  
from th e  s u b je c t  through the  q u e s t i o n n a i r e .  In  each case  the  
l e v e l '  o f  d isag reem en t . was never g r e a t e r  than  11%, th e  
a p p a re n t  d isc re p a n c y “ “in  p e rce n tag e  being  accounted  fo r  by 
non-respO nse . This  has n e c e s s i t a t e d  a r e c o n s id e r a t io n  of the  
wording and p r e s e n t a t i o n  o f  some item s .  Responses to  item s 
r e l a t i n g  to  g e n e ra l  p a in  p a t t e r n s  were found to  show an 
agreem ent o f  69% between q u e s t io n n a i r e  and c o n s u l t a t i o n  
re s p o n s e s ,  a l th o u g h  d isag reem en ts  were g e n e r a l ly  n o t  r e l a t e d  
to  th e  p a in  p a t t e r n s  i n  th e  upper e x t r e m i t i e s .  H is to ry  of 
p a in  and t r e a tm e n t  fo r  upper ex tre m ity  problems showed good 
c o n c u r re n t  v a l i d i t y .  Where a p rev io u s  d ia g n o s is  was reco rded  
by th e  s u b je c t  in  th e  q u e s t io n n a i r e ,  th e  agreement was good 
(91%) when compared w ith  th o se  p rov ided  in  th e  l e t t e r  of 
r e f e r r a l  from th e  G eneral P r a c t i t i o n e r .  A s a t i s f a c t o r y  
agreem ent was found fo r  item s in c lu d in g  r e p o r t i n g  o f : -  a 
p re v io u s  h i s t o r y  o f  a r t h r i t i s ,  rheum atism , o r  'w ear and 
t e a r ' ;  h i s t o r y  o f  major m ed ica l c o n d i t io n s ;  and p re g n a n c ie s .
D is c u s s io n
In  t h i s  s tudy  approx im ate ly  3 /4  o f  th e  s u b je c t s  were ab le  
to  com plete  th e  q u e s t i o n n a i r e  w ith o u t  a s s i s t a n c e  and a l l  were 
a b l e  to  com plete  w ith  some a s s i s t a n c e .  The g e n e ra l  wording
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ana la y o u t  o t  tn e  q u e s t io n n a i r e  i s  under c o n s id e ra t io n  
fo l lo w in g  th e  low response  r a t e  f o r  s p e c i f i c  item s and, _ 
a l th o u g h  th e se  w i l l  r e s u l t  in  only minor changes, i t  i s  hoped 
t h a t  th e  f i n a l  appea rance  w i l l  be l e s s  daun ting  to  th o se  w ith  
l i m i t e d  re a d in g  s k i l l s .
Where agreem ent on item s has f a l l e n  below 75% or in  some 
c a s e s  where th e  m iss in g  re sp o n se  l e v e l  i s  h ig h ,  an
exam ina tion  o f  th e  wording and a p p l i c a b i l i t y  o f  th e  q u e s t io n  
has  been u n d e r ta k e n .  In  some in s ta n c e s  ( e . g .  th e  a re a s  o f  
o c c a s io n a l ly  ex p er ien ced  p a in )  th e  item  w i l l  remain in  the  
q u e s t io n n a i r e  b u t  th e  responses  w i l l  n o t  be an a ly se d .  This 
w i l l  a llow  fo r  s u b je c t s  to  re c o rd  in fo rm a t io n  which might 
o th e rw ise  be m is ta k e n ly  inc luded  in  re sp o n ses  to  o th e r  i tem s 
( e . g .  th e  a re a s  o f  r e g u la r ly  exper ien ced  p a in ) .  The q u e s t io n  
r e l a t i n g  to  d iagnoses  of d i s o rd e r s  has been m odified  in  o rd e r  
to  c l a r i f y  th e  need to  reco rd  a l l  in fo rm a tio n  about th e  
d ia g n o s i s  ( i . e .  d ia g n o s i s ,  y e a r ,  a r e a ,  c a u s e ) .
F i n a l l y ,  a few item s r e l a t i n g  to  p o t e n t i a l  confounding
f a c t o r s  have r e q u i r e d  m o d i f ic a t io n  in  o rd e r  to  a id  th e
s u b je c t s  u n d e rs ta n d in g .  In  some in s ta n c e s  ( e . g .  h i s t o r y  o f  
g y n a e c o lo g ic a l  s u rg e ry )  th e  low p r o b a b i l i t y  o f  i t s  occurence 
as  a .co n fo u n d er  in  th e  c u r r e n t  l i t e r a t u r e  may n o t  j u s t i f y  i t s  
c o n t in u e d  in c lu s io n  in  th e  q u e s t i o n n a i r e .  Such items may a l s o  
red u ce  th e  a c c e p t a b i l i t y  o f  the  q u e s t io n n a i r e  to  more g e n e ra l  
p o p u la t io n s .
C onclusions
The s e l f - r e p o r t e d  and c l i n i c a l l y  a s s e s s e d  d a ta  have in  
g e n e ra l  shown good agreem ent. Some m o d i f ic a t io n s  to  s p e c i f i c  
i tem s  and improved q u e s t io n n a i r e  la y o u t  a re  re q u ire d  b e fo re  
t h i s  t o o l  can be implemented in  f u r t h e r  s t u d i e s .  I t s  use  in  
i n v e s t i g a t i o n s  of l a rg e  i n d u s t r i a l  groups i s  cons idered  
e s s e n t i a l  in  de te rm in ing  both  s h o r t  and long term e f f e c t s  of 
o c c u p a t io n a l  f a c t o r s  on th e  m u sc u lo sk e le ta l  system.
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